~” 
pees 
Beales! 
Aedes 
SN) 
Gq 
— 
oa 
Sadbe 


PO 


BUFFERED MOSFETs 


INTELLIGEN 


DISCRETES 


T 


1994 


HARRIS 


SEMICONDUCTOR 


a 


¢ Call 1-800-4HARRIS (1-800-442-7747) 
e Internet: http://www.semi.harris.com 


Reply for More Information! 


e AnswerFAX: 1-407-724-7800 
E-mail centapp @ harris.com 


¢ Technical Assistance: 


First Name Last Name 
(PLEASE PRINT) 

Title Company 

Address 

City State 

Phone Fax 


(PLEASE PRINT) 


Zip 


LJ Add my name to your mailing list. 


1. Do you have access to CD-ROM capabilities? 


LJ At Work LJ At Home LJ No 
2. Do you have access to the Internet? 
LJ At Work } At Home LJ No 


3. What is your preferred source of product data sheets? (Select one) 6. 
LI] internet 


LJ CD-ROM 
LJ Stand-Alone Data Sheets 


LJ Data Books 
LJ AnswerFAX 


4. Would you prefer to have a CD-ROM Data Book, a printed Data 


Book, or both? 


(_} CD-ROM Book LJ Both 


(J Printed Book 


MI 
M/S 


Country 


E-Mail 


5. Which best describes your current design stage (Select one): 
(J info Collection 
LJ Prototyping 


Design Concept 


Month 


7. Expected Annual Volume at full 


LJ 1 to 999 
LJ 1K to 4999 
This location has as its primary function (select one) 
J Manufacturing 
LJ Both 


Which category best describes your primary end market? (Select One) 


1305 - Avionics 

1399 - General Gov’t/Military 
1400 Telecom 

1401 - PBX or CO Line Cards 

1402 - Fiber-in-the-Loop 

1403 - Wireless Local Loop 

1404 - Fiber Optics 

1405 - ADSL/HDSL 


1100 Video/imaging 
1101 - Desktop Multimedia 
1102 - Prof/Broadcast Video 
1103 - Medical Imaging 
1104 - Cable TV 
1105 - Video Conferencing 
1199 - Other Video/Imaging 
1200 Wireless Communication 
1201 - Base Stations 
1202 - Wireless LAN/PCS/PB 
1203 - Handset/Terminals 
1204 - Satellite Communication 
1205 - Wireless Local Loop 
1299 - Other Wireless Comm. 


1499 - Other Telecom 

1500 Computers/Peripherals 
1501 - Laptops/Palmtops 
1502 - Desktop PCs 

1503 - Workstation/File Server 


1300 Government/Military 1504 - Disk/Tape Drives 

1301 - Space 1505 - Printers/Plotter/Scanner 
1302 - Guidance/Control 1506 - Datacomm 

1303 - Radar 1599 - General Computer/EDP 


1304 - Communications 


LJ Purchasing 
Lj Quality Assurance 


LJ Sales 


LJ Systems 


Which best describes your job 
function? (select one): 
LJ Consultant 


Lj Corporate/Operating Management 
Lj Documentation 


[_] Education interest? (select one): 
[_] Engineering LJ a | 

[J Manufacturing [_] Protection Devices 
[_} Marketing [_} Power Control 


1406 - Other High Speed Datacomm 


What is your primary product 


1600 
1601 
1602 
1603 
1604 
1605 
1606 
1607 
1699 

1700 
1701 


1702 
1703 
1704 
1705 
1706 
1707 
1799 
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Transportation/Consumer 

- Power Train 

- Vehicle Control 

- Safety & Convenience 

- Driver Information 

- Entertainment 

- Electric Vehicles 

- Consumer 

- Other Transportation 

Power Supply/Power Mgmt 

- UPS (Uninterruptible Power 
Supplies) 

- AC-DC Power Supplies 

- DC-DC Power Supplies 

- Transmission Lines 

- Utility Substations 

- Panel Boxes 

- General Protection 

- Other Power Supplies/Mgmt 


[J Converter 

LJ Digital 

[_j OsP 

LJ Telecom 

LJ Rad Hard 

LJ Power Discrete 
LJ Multimedia 
LJ Wireless 


TAPE OR STAPLE 


s 
LJ 


Initial Production 
Breadboarding 
Full Production 


When will your design be finalized? 


Year 
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1800 
1801 
1802 
1803 
1804 
1805 
1899 

1900 


1901 
1902 
1903 
1904 
1905 
1906 


1999 


2000 


roduction (select one): 


5K to 100K 
> 100K 


Design 


Motor Control 

- AC Motors 

- 3 Phase Motors 

- Brushless 

- DC Motors 

- Stepper Motors 

- Other Motor Control 


industrial Controls & 
Instrumentation 


- Manufacturing System 

- High Speed Instrumentation 

- Handheld Instruments 

- Medical Electronics 

- HVAC 

- Automatic Test Equipment 
(ATE) 

- General Industrial & 
Instrumentation 

Other Electronics, Not 

Listed Above 


Which best describes your job 
responsibility (select one): 
LJ President/Owner 


LJ Vice-President/Director 
LJ Manager/Section Head 
Lj Engineer 
LJ Assistant 
LJ Independent Contractor 
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Harris Semiconductor is a pioneer in developing and producing Discrete Power products for 
the most demanding Commercial applications in this world and beyond. 


This databook fully describes Harris Semiconductors Power MOSFET product line. It 
includes a complete set of datasheets for product specifications, application notes with 
design details for specific applications of Harris products, and a description of the Harris 
Quality and Reliability program. A New AnswerFAX section has been added to allow Users to 
request the latest datasheets and have them delivered immediately to your FAX machine. A 
detailed listing of product Packaging dimensions provides a wide variety of information at 
your fingertips. 


For complete, current and detailed technical specifications on any Harris devices please con- 
tact the nearest Harris sales, representative or distributor office. Literature requests may also 
be directed to: 


Harris Semiconductor Literature Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
Phone: 1-800-442-7747 Fax: 407-724-7240 


See Section 14 for Information Available on AnswerFAX, 407-724-7800 
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CHECKOUT OUR INTERNET SITE ... http://;www.semi.harris.com 
for the latest versions of Harris Semiconductor Datasheets 
or E-mail our Central Applications Group at centapp @harris.com, for Technical Assistance 


U.S. HEADQUARTERS ASIA EUROPEAN HEADQUARTERS 
Harris Semiconductor Harris Semiconductor PTE Ltd. Harris Semiconductor 
P. O. Box 883, Mail Stop 53-210 No. 1 Tannery Road 09-01 Mercure Center 
Melbourne, FL 32902 Cencon 1 100, Rue de la Fusee 
TEL: 1-800-442-7747 Singapore 347719 1130 Brussels, Belgium 
(407) 729-4984 TEL: (65) 748-4200 TEL: 32 2 724 21 11 
FAX: (407) 729-5321 FAX: (65) 748-0400 FAX: 32 2 724 2205/...09 
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All Harris Semiconductor products are manufactured, assembled and tested 
under ISO9000 quality system certifications. 


Copyright © Harris Corporation 1994 
(All Rights Reserved) 
Printed in USA, 1/1994 


POWER MOSFET PRODUCTS 


This MOSFET Databook offers an extensive line of power MOSFET products for use 
in a wide range of consumer, industrial and high-reliability applications. This 
databook contains detailed technical information on the broad line of MOSFETs, 
including standard power MOSFETs (the popular RF-series types, the IRF-series of 
industry replacement types, and JEDEC types), MegaFETs, logic-level power MOS- 
FETs (L?FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and 
radiation-hardened power MOSFETs. 


Separate data sections provide definitive ratings and characteristics for each major 
category of devices. Data pages for individual devices are organized in numeric/ 
alphanumeric sequence for each section. Because some devices are grouped 
together to show similarity of function or data, some individual types numbers may 
be out of sequence. If you have difficulty finding a type number, check the General 
Information Index, Section 1. 


It is our intention to provide you with the most up-to-date information on Power MOS- 
FET Products. For complete, current and detailed technical specifications on any 
Harris devices please contact the nearest Harris sales, representative or distributor 
office, listed at the end of the databook; or direct literature requests to: 


Harris Semiconductor Literature Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
Phone: 1-800-442-7747 
Fax: 407-724-7240 


See Section 14 for Information Available on AnswerFAX 
Phone: (407) 724-7800 


Harris Semiconductor products are sold by description only. All specifications in this product guide are 
applicable only to packaged products; specifications for die are available upon request. Harris reserves the 
right to make changes in circuit design, specifications and other information at any time without prior 
notice. Accordingly, the reader is cautioned to verify that information in this publication is current before 
placing orders. Reference to products of other manufacturers are solely for convenience of comparison 
and do not imply total equivalency of design, performance, or otherwise. 


™M HARRIS 


UJ seEMICONDUCTOR 


POWER MOSFETs 


FOR COMMERCIAL AND HIGH RELIABILITY APPLICATIONS 
General Information 
Cross Reference Guide 2 
Selection Guide Ky 
N-Channel Power MOSFETs 2 
P-Channel Power MOSFETs [a 
Logic Level Power MOSFETs [Ga 
Intelligent Discretes 
Military and Rad-Hardened Power MOSFETs [Ex 
Preview Products [Em 
Spice Models Sy 
Application Notes i 
Quality and Reliability FP 
Packaging and Ordering Information FER@ 


How To Use Harris AnswerFAX 14 — 


Sales Offices pis. 


TECHNICAL ASSISTANCE 


For technical assistance on the Harris products listed in this databook, 
please contact the Field Applications Engineering staff available at one of the follow- 
ing Harris Sales Offices: 


UNITED STATES 

CALIFORNIA CANOGIS 0554s 4un odd eee meme Kw Ow RE 818-878-7955 

GOSS MESS isiccewtavescueesenyed os 714-433-0600 

DONOGO 6 caavdese cues eernwes dueeed 408-985-7322 
FLORIDA Pa BOY spc tkde ones seeeesepaeaws 407-729-4984 
GEORGIA PRO .c vasnenswastreuestonasunaeeys 404-476-2034 
ILLINOIS SCHAUMOWG «cc nevsoneeva nes ene ganas 708-240-3480 
INDIANA CAG) scekcavenere nee end eeene tows 317-843-5180 
MASSACHUSETTS SUMINICNOT oss k oes ries eee en eon duawe 617-221-1850 
NEW JERSEY WOOINBGS 5 50s ban6456 48 Roose a8 RE HED 609-751-3425 
NEW YORK PIDUDAUNGs 6 see tro h esi PUREE RED EK HOS 516-342-0291 

Wappingers Fall6 ss s.cccicncdsavearnwa 914-298-1920 
TEXAS Ps ce Caos Seon tee rdw keenes ne wows 7 214-733-0800 
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INTERNATIONAL 


FRANCE Pal Seen cee anaes caer e renews eEeewD 33-1-346-54046 
GERMANY PUIG 6c eked ceed eeoan oe eee Fae? 49-89-63813-0 
HONG KONG POMGR 6icn cea tind nk beeen eon ee ewe 852-723-6339 
ITALY UC eer eee ae 39-2-262-0761 
JAPAN TEP cere aitabecherccrntasteeeetwn 81-3-3265-7571 
KOREA BOO 5 ca paiendu Yeddervd Gs conawes 82-2-551-0931 
SINGAPORE SINSUOS. i nbccc pce eeko sake eon aseess 65-748-4200 
TAIWAN Pee cue hae ceneeeeauyenssosuys 886-2-716-9310 
UNITED KINGDOM CONGO 6650 6i'2 ee weweakecnn tee 44-1276-686886 


For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS) or call 
Harris AnswerFAX for immediate fax service at 407-724-7800 
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N-Channel Power MOSFETs Avalanche Energy Rated* .................--0--00 0s 4-236 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................-005. 4-236 
N-Channel Power MOSFETs Avalanche Energy Rated* ............. 2.00000 4-236 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000 ee. 4-236 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000005. 4-241 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00005. 4-241 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................-000005 4-241 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000- 4-241 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................2-005. 4-241 
N-Channel Power MOSFETs Avalanche Energy Rated* ................... 0000s 4-241 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................0005- 4-241 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................000005 4-241 
N-Channel Power MOSFETs Avalanche Energy Rated................0000 ee eens 4-246 
N-Channel Power MOSFETs Avalanche Energy Rated.................0. 000 a ee 4-246 
N-Channel Enhancement-Mode Power Field-Effect Transistors.................-0. 4-251 
N-Channel Enhancement-Mode Power Field-Effect Transistors.................06. 4-251 
N-Channel Enhancement-Mode Power Field-Effect Transistors.................... 4-251 
N-Channel Enhancement-Mode Power Field-Effect Transistors..................-. 4-251 
N-Channel Power MOSFETs Avalanche Energy Rated” ................2.00 0 eee 4-256 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................-0055 4-256 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................0-0005 4-256 
N-Channel Power MOSFETs Avalanche Energy Rated* .....................005. 4-256 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000- 4-256 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................0005. 4-256 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................-.005. 4-256 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000- 4-256 
N-Channel Power MOSFETs Avalanche Energy Rated* ............... 0000 4-261 
N-Channel Power MOSFETs Avalanche Energy Rated* .................00000005 4-261 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0000 eee 4-261 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................20000 ee 4-261 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................200005. 4-261 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0.000 eee 4-261 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0..00000- 4-261 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................-00000- 4-261 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00005. 4-266 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0.00 0 eae 4-266 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................200008. 4-266 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00005. 4-266 
N-Channel Power MOSFETs Avalanche Energy Rated* ......................... 4-266 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................20000- 4-266 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................20000- 4-266 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000- 4-266 
N-Channel Power MOSFETs Avalanche Energy Rated................0...20000- 4-271 
N-Channel Power MOSFETs Avalanche Energy Rated....................00000- 4-271 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................0.005. 4-276 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................---0085 4-276 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000- 4-276 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................200-5- 4-276 
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IRF512 
IRF512R 
IRF513 
IRF513R 
IRF520 
IRF520R 
IRF521 
IRF521R 
IRF522 
IRF522R 
IRF523 
IRF523R 
IRF530 
IRF530R 
IRF531 
IRF531R 
IRF532 
IRF532R 
IRF533 
IRF533R 
IRF540 
IRF540R 
IRF541 
IRF541R 
IRF542 
IRF542R 
IRF543 
IRF543R 
IRF610 
IRF610R 
IRF611 
IRF611R 
IRF612 
IRF612R 
IRF613 
IRF613R 
IRF614 
IRF620 
IRF620R 
IRF621 
IRF621R 
IRF622 
IRF622R 
IRF623 
IRF623R 
IRF624 
IRF625 
IRF626 
IRF627 
IRF630 
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ALPHA NUMERIC PRODUCT INDEX ccontinuea) 


N-Channel Power MOSFETs Avalanche Energy Rated* .................-000005- 
N-Channel Power MOSFETs Avalanche Energy Rated* ................-..0000 ee 
N-Channel Power MOSFETs Avalanche Energy Rated* ................-.00000 
N-Channel Power MOSFETs Avalanche Energy Rated” ..................00 ee eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ........... 0.00. cee eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................--0055 
N-Channel Power MOSFETs Avalanche Energy Rated* ............. 0.000. ee eee 
N-Channel Power MOSFETs Avalanche Energy Rated* .....................05.. 
N-Channel Power MOSFETs Avalanche Energy Rated” ....................0 005. 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................000 00 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................2000005 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................0005e 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000 00s 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................0.0000- 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................20 0 eeu 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................--0005 
N-Channel Power MOSFETs Avalanche Energy Rated* .................... 00 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................-0005. 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................0000005 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0..00000- 
N-Channel Power MOSFETs Avalanche Energy Rated* .....................005. 
N-Channel Power MOSFETs Avalanche Energy Rated” ............... 000. 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................200005. 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................002000. 
N-Channel Power MOSFETs Avalanche Energy Rated* ................00 0c eee 
N-Channel Power MOSFETs Avalanche Energy Rated” .............. 0.0.00 eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................00005 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................--005e 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................-.005. 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................220005. 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................0000005 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................0000005 
N-Channel Power MOSFETs Avalanche Energy Rated” ..... ba: 4 aes A eRe eee 
N-Channel Power MOSFETs Avalanche Energy Rated” ................ 0.00 e eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ................-22000 eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................-0 2 eee 
N-Channel Power MOSFETs Avalanche Energy Rated...................--0000- 
N-Channel Power MOSFETs Avalanche Energy Rated” ...................-.005- 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................-0005- 
N-Channel Power MOSFETs Avalanche Energy Rated* .....................005. 
N-Channel Power MOSFETs Avalanche Energy Rated” ..................2.-005- 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000005- 
N-Channel Power MOSFETs Avalanche Energy Rated* ......................0.. 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................2-05. 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00006- 
N-Channel Enhancement-Mode Power Field-Effect Transistors.................... 
N-Channel Enhancement-Mode Power Field-Effect Transistors.................... 
N-Channel Enhancement-Mode Power Field-Effect Transistors.................... 
N-Channel Enhancement-Mode Power Field-Effect Transistors.................... 
N-Channel Power MOSFETs Avalanche Energy Rated" .....................005. 


1-5 


GENERAL 
INFORMATION 


IRF630R 
IRF631 
IRF631R 
IRF632 
IRF632R 
IRF633 
IRF633R 
IRF634 
IRF635 
IRF636 
IRF637 
IRF640 
IRF640R 
IRF641 
IRF641R 
IRF642 
IRF642R 
IRF643 
IRF643R 
IRF644 
IRF645 
IRF646 
IRF647 
IRF710 
IRF710R 
IRF711 
IRF711R 
IRF712 
IRF712R 
IRF713 
IRF713R 
IRF720 
IRF720R 
IRF721 
IRF721R 
IRF722 
IRF722R 
IRF723 
IRF723R 
IRF730 
IRF730R 
IRF731 
IRF731R 
IRF732 
IRF732R 
IRF733 
IRF733R 
IRF740 
IRF740R 
IRF741 


* R Suffix Types Only 
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PAGE 
N-Channel Power MOSFETs Avalanche Energy Rated” ................--00 0 eee 4-316 
N-Channel Power MOSFETs Avalanche Energy Rated” ...............0 02 eee eee 4-316 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0- +e ee ae 4-316 
N-Channel Power MOSFETs Avalanche Energy Rated* ............. 2.00. eee eee 4-316 
N-Channel Power MOSFETs Avalanche Energy Rated* ................-20e sees 4-316 
N-Channel Power MOSFETs Avalanche Energy Rated* ................00 ee eee 4-316 
N-Channel Power MOSFETs Avalanche Energy Rated* ................00.-- eee 4-316 
N-Channel Power MOSFETs Avalanche Energy Rated.................-..00005. 4-321 
N-Channel Power MOSFETs Avalanche Energy Rated...................22000.. 4-321 
N-Channel Power MOSFETs Avalanche Energy Rated..................000000 0) 4-321 
N-Channel Power MOSFETs Avalanche Energy Rated..................20000055 4-321 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................--0000- 4-326 
N-Channel Power MOSFETs Avalanche Energy Rated* ................000-- 00 ee 4-326 
N-Channel Power MOSFETs Avalanche Energy Rated* .................20 0c eee 4-326 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................0000- 4-326 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................-0000- 4-326 
N-Channel Power MOSFETs Avalanche Energy Rated* ...............00 0000 e eee 4-326 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0000 eee 4-326 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................0- eee 4-326 
N-Channel Power MOSFETs Avalanche Energy Rated.................0.000000e 4-331 
N-Channel Power MOSFETs Avalanche Energy Rated................000- eee aee 4-331 
N-Channel Power MOSFETs Avalanche Energy Rated..................02000005 4-331 
N-Channel Power MOSFETs Avalanche Energy Rated................2000 eee aes 4-331 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0.00e eee 4-336 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0.02 eee ee 4-336 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0..00 eee 4-336 
N-Channel Power MOSFETs Avalanche Energy Rated* .............. 0.000 e ee eee 4-336 
N-Channel Power MOSFETs Avalanche Energy Rated* ............. 0.0.0 eeeee 4-336 
N-Channel Power MOSFETs Avalanche Energy Rated* .....:..........000 ee eee 4-336 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000 000. 4-336 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000008. 4-336 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................--0055 4-341 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000000. 4-341 
N-Channel Power MOSFETs Avalanche Energy Rated* ...............00.0 00a 4-341 
N-Channel Power MOSFETs Avalanche Energy Rated* ............. 0.00.0 e eee 4-341 
N-Channel Power MOSFETs Avalanche Energy Rated* ............. 00000 e eae 4-341 
N-Channel Power MOSFETs Avalanche Energy Rated* ................020000 eee 4-341 
N-Channel Power MOSFETs Avalanche Energy Rated* ................00-00 ee eee 4-341 
N-Channel Power MOSFETs Avalanche Energy Rated* .............. 0.0 e ee eee 4-341 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0000 cee ee 4-346 
N-Channel Power MOSFETs Avalanche Energy Rated” ................0.00 eee ee 4-346 
N-Channel Power MOSFETs Avalanche Energy Rated* ...............00 cc ee eee 4-346 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00005- 4-346 
N-Channel Power MOSFETs Avalanche Energy Rated* ................000- eee 4-346 
N-Channel Power MOSFETs Avalanche Energy Rated” ............. 0.00 cee ee eee 4-346 
N-Channel Power MOSFETs Avalanche Energy Rated* ................00-0- ee eee 4-346 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0- 0 eee eee 4-346 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000- 4-351 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................20000. 4-351 
N-Channel Power MOSFETs Avalanche Energy Rated* .................---0000- 4-351 
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IRF741R 
IRF742 
IRF742R 
IRF743 
IRF743R 
IRF820 
IRF820R 
IRF821 
IRF821R 
IRF822 
IRF822R 
IRF823R 
IRF823R 
IRF830 
IRF830R 
IRF831 
IRF831R 
IRF832 
IRF832R 
IRF833 
IRF833R 
IRF840 
IRF840R 
IRF841 
IRF841R 
IRF842 
IRF842R 
IRF843 
IRF843R 
IRF9130 
IRF9131 
IRF9132 
IRF9133 
IRF9140 
IRF9141 
IRF9142 
IRF9143 
IRF9150 
IRF9151 
IRF9230 
IRF9231 
IRF9232 
IRF9233 
IRF9240 
IRF9241 
IRF9242 
IRF9243 
IRF9510 
IRF9511 
IRF9512 


“ R Suffix Types Only 
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PAGE 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................0005. 4-351 
N-Channel Power MOSFETs Avalanche Energy Rated* ............... 20000 e eee 4-351 
N-Channel Power MOSFETs Avalanche Energy Rated” ..................000 eee 4-351 
N-Channel Power MOSFETs Avalanche Energy Rated* ................00 cence 4-351 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000 eee 4-351 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0...0000- 4-356 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0. eee eee 4-356 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................000 eee 4-356 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000- 4-356 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................0005- 4-356 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................0005- 4-356 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................20000- 4-356 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................000 00s 4-356 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................0000005 4-361 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0.0 eeu 4-361 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000- 4-361 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00008. 4-361 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00005. 4-361 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000008. 4-361 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000- 4-361 
N-Channel Power MOSFETs Avalanche Energy Rated* ............... 0.0000 e ae 4-361 
N-Channel Power MOSFETs Avalanche Energy Rated* ................00 eee 4-366 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................0005. 4-366 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................0000- 4-366 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................-0000- 4-366 
N-Channel Power MOSFETs Avalanche Energy Rated* ................00 0c eae 4-366 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................0000. 4-366 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................0000005 4-366 
N-Channel Power MOSFETs Avalanche Energy Rated” ............... 0.000 e eae 4-366 
Avalanche-Energy-Rated P-Channel Power MOSFETs...............000000 ee eee 5-34 
Avalanche-Energy-Rated P-Channel Power MOSFETs........... 0.0... c eee eens 5-34 
Avalanche-Energy-Rated P-Channel Power MOSFETs.............. 000 e eee eee 5-34 
Avalanche-Energy-Rated P-Channel Power MOSFETS...............000 cee eee 5-34 
Avalanche-Energy-Rated P-Channel Power MOSFETs...............000000eeeee 5-39 
Avalanche-Energy-Rated P-Channel Power MOSFETs..................-00000 0s 5-39 
Avalanche-Energy-Rated P-Channel Power MOSFETs...............00 00 eee 5-39 
Avalanche-Energy-Rated P-Channel Power MOSFETs...............20000000005 5-39 
Avalanche-Energy-Rated P-Channel Power MOSFETs...............000000eeeee 5-44 
Avalanche-Energy-Rated P-Channel Power MOSFETs.............. 000000 eeeues 5-44 
Avalanche-Energy-Rated P-Channel Power MOSFETS................00 cece eae 5-50 
Avalanche-Energy-Rated P-Channel Power MOSFETS...............000 0 eee 5-50 
Avalanche-Energy-Rated P-Channel Power MOSFETs...............000 cee cues 5-50 
Avalanche-Energy-Rated P-Channel Power MOSFETsS..............0000 0 eee eee 5-50 
Avalanche-Energy-Rated P-Channel Power MOSFETS..............0000 eee eeeee 5-55 
Avalanche-Energy-Rated P-Channel Power MOSFETs................ 000000 e eee 5-55 
Avalanche-Energy-Rated P-Channel Power MOSFETs................-.2000005- 5-55 
Avalanche-Energy-Rated P-Channel Power MOSFETs ...............2000 eee eee 5-55 
Avalanche-Energy-Rated P-Channel Power MOSFETs................000000e0e 5-60 
Avalanche-Energy-Rated P-Channel Power MOSFETs.................2000 eee eee 5-60 
Avalanche-Energy-Rated P-Channel Power MOSFETs.................200000055 5-60 
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PAGE 
IRF9513 Avalanche-Energy-Rated P-Channel Power MOSFETsS.............-.--00 eee eeee 5-60 
IRF9520 Avalanche-Energy-Rated P-Channel Power MOSFETs................ 00000 e eee 5-65 
IRF9521 Avalanche-Energy-Rated P-Channel Power MOSFETS............... 0000 e ee eeee 5-65 
IRF9522 Avalanche-Energy-Rated P-Channel Power MOSFETsS.............--.200 0 eee eee 5-65 
IRF9523 Avalanche-Energy-Rated P-Channel Power MOSFETS.............. 00002 eeaee 5-65 
IRF9530 Avalanche-Energy-Rated P-Channel Power MOSFETS................0000 eee ee 5-70 
IRF9531 Avalanche-Energy-Rated P-Channel Power MOSFETS..............0 0000 eeeuee 5-70 
IRF9532 Avalanche-Energy-Rated P-Channel Power MOSFETs.............. 00000 e seus 5-70 
IRF9533 Avalanche-Energy-Rated P-Channel Power MOSFETS.............. 0000 eeeee 5-70 
IRF9540 Avalanche-Energy-Rated P-Channel Power MOSFETS........... 00.000 e eee eee 5-75 
IRF9541 Avalanche-Energy-Rated P-Channel Power MOSFETS................. 2000 e ee 5-75 
IRF9542 Avalanche-Energy-Rated P-Channel Power MOSFETS..............000 000s eeaee 5-75 
IRF9543 Avalanche-Energy-Rated P-Channel Power MOSFETs.............--00000 esses 5-75 
IRF9620 Avalanche-Energy-Rated P-Channel Power MOSFETS............. 0000 c eee eae 5-80 
IRF9621 Avalanche-Energy-Rated P-Channel Power MOSFETS...............0-000 0000 e 5-80 
IRF9622 Avalanche-Energy-Rated P-Channel Power MOSFETS...........-.....20 0 ee eee 5-80 
IRF9623 Avalanche-Energy-Rated P-Channel Power MOSFETs.............- 0000 e ee eeees 5-80 
IRF9630 Avalanche-Energy-Rated P-Channel Power MOSFETS.......... 00.000 c eee eee ues 5-85 
IRF9631 Avalanche-Energy-Rated P-Channel Power MOSFETsS.............--.. 0000 eeaee 5-85 
IRF9632 Avalanche-Energy-Rated P-Channel Power MOSFETS.............. 00005 eeeues 5-85 
IRF9633 Avalanche-Energy-Rated P-Channel Power MOSFETS...............0 00-0 ee euee 5-85 
IRF9640 Avalanche-Energy-Rated P-Channel Power MOSFETS.......... 0.00: ee eee eee 5-90 
IRF9641 Avalanche-Energy-Rated P-Channel Power MOSFETS............... 0000 eee eeee 5-90 
IRF9642 Avalanche-Energy-Rated P-Channel Power MOSFETS.............---0-020 ee eees 5-90 
IRF9643 Avalanche-Energy-Rated P-Channel Power MOSFETs............0 0000 e ee eens 5-90 
IRFAC40R N-Channel Power MOSFETs Avalanche Energy Rated................-...---005- 4-371 
IRFAC42R N-Channel Power MOSFETs Avalanche Energy Rated..................0000000- 4-371 
IRFBC40R N-Channel Power MOSFETs Avalanche Energy Rated................-...02000- 4-377 
IRFBC42R N-Channel Power MOSFETs Avalanche Energy Rated............... 0.0 e eee eee 4-377 
IRFD110 N-Channel Power MOSFETs Avalanche Energy Rated* .....................005. 4-383 
IRFD110R N-Channel Power MOSFETs Avalanche Energy Rated* .................. 00 eee 4-383 
IRFD111 N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000- 4-383 
IRFD111R N-Channel Power MOSFETs Avalanche Energy Rated* .................. ee eee 4-383 
IRFD112 N-Channel Power MOSFETs Avalanche Energy Rated* ...................0.0048. 4-383 
IRFD112R N-Channel Power MOSFETs Avalanche Energy Rated* ..................---000- 4-383 
IRFD113 N-Channel Power MOSFETs Avalanche Energy Rated* ...................-000-- 4-383 
IRFD113R N-Channel Power MOSFETs Avalanche Energy Rated*™ ..................-2-000. 4-383 
IRFD120 N-Channel Power MOSFETs Avalanche Energy Rated” ...................00 000, 4-388 
IRFD120R N-Channel Power MOSFETs Avalanche Energy Rated* ................ 0. se eee ee 4-388 
IRFD121 N-Channel Power MOSFETs Avalanche Energy Rated* ...................-00 eee 4-388 
IRFD121R N-Channel Power MOSFETs Avalanche Energy Rated* ..................0 0000 4-388 
IRFD122 N-Channel Power MOSFETs Avalanche Energy Rated” ................... 0000 4-388 
IRFD122R N-Channel Power MOSFETs Avalanche Energy Rated* .................-.00-005 4-388 
IRFD123 N-Channel Power MOSFETs Avalanche Energy Rated* ..................00 0c eee 4-388 
IRFD123R N-Channel Power MOSFETs Avalanche Energy Rated* ................----0 eee 4-388 
IRFD1Z0 N-Channel Enhancement-Mode Power Field-Effect Transistors.................... 4-393 
IRFD121 N-Channel Enhancement-Mode Power Field-Effect Transistors..................5. 4-393 
IRFD1Z2 N-Channel Enhancement-Mode Power Field-Effect Transistors................004. 4-393 
IRFD1Z3 N-Channel Enhancement-Mode Power Field-Effect Transistors................004. 4-393 
IRFD210 N-Channel Power MOSFETs Avalanche Energy Rated” .......... 2.6. eee eee eee 4-398 
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IRFD210R 
IRFD211 
IRFD211R 
IRFD212 
IRFD212R 
IRFD213 
IRFD213R 
IRFD220 
IRFD220R 
IRFD221 
IRFD221R 
IRFD222 
IRFD222R 
IRFD223 
IRFD223R 
IRFD2Z0 
IRFD2Z1 
IRFD2Z2 
IRFD2Z3 
IRFD310 
IRFD310R 
IRFD311 
IRFD311R 
IRFD312 
IRFD312R 
IRFD313 
IRFD313R 
IRFD320 
IRFD320R 
IRFD321 
IRFD321R 
IRFD322 
IRFD322R 
IRFD323 
IRFD323R 
IRFD9110 
IRFD9113 
IRFD9120 
IRFD9123 
IRFD9220 
IRFD9223 
IRFF110 
IRFF110R 
IRFF111 
IRFF111R 
IRFF112 
IRFF112R 
IRFF113 
IRFF113R 
IRFF120 
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N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000. 
N-Channel Power MOSFETs Avalanche Energy Rated” ....................0000- 
N-Channel Power MOSFETs Avalanche Energy Rated* .................---00005 
N-Channel Power MOSFETs Avalanche Energy Rated* .....................-05- 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0.00 ee aee 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................--0005- 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0..0 0 eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0.- eeu ees 
N-Channel Power MOSFETs Avalanche Energy Rated* .................000000 0 
N-Channel Power MOSFETs Avalanche Energy Rated* ................2.000 eae 
N-Channel Power MOSFETs Avalanche Energy Rated* .................2.0 eee 
N-Channel Power MOSFETs Avalanche Energy Rated* .............. 0.00 e eee eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ............... 0000 eae 
N-Channel Power MOSFETs Avalanche Energy Rated* ............... 0.0000 ae 
N-Channel Power MOSFETs Avalanche Energy Rated* ............. 0.0.00 e eae 
N-Channel Enhancement-Mode Power Field-Effect Transistors................0048. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.................00.4. 
N-Channel Enhancement-Mode Power Field-Effect Transistors................004. 
N-Channel Enhancement-Mode Power Field-Effect Transistors.................4.. 
N-Channel Power MOSFETs Avalanche Energy Rated* .............. 0.00 eee eens 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................00000. 
N-Channel Power MOSFETs Avalanche Energy Rated* .............. 000s e eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ............... 0c ee eee. 
N-Channel Power MOSFETs Avalanche Energy Rated* .............. 0.00 cee eae 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................0 ee eae 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00 00a 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................00000 0 
N-Channel Power MOSFETs Avalanche Energy Rated* .................2 ee eens 
N-Channel Power MOSFETs Avalanche Energy Rated* ............... 0.00 e eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ............. 0.00. eee eee 
N-Channel Power MOSFETs Avalanche Energy Rated” ................0- 0. eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ............. 00. e eee ees 
N-Channel Power MOSFETs Avalanche Energy Rated* .............. 00. ee eee ees 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................2.0005. 
N-Channel Power MOSFETs Avalanche Energy Rated” .................2- 00a eee 
Avalanche-Energy-Rated P-Channel Power MOSFETS..............00 00 ceeeeeee 
Avalanche-Energy-Rated P-Channel Power MOSFETS............... 0c e eee eee 
Avalanche-Energy-Rated P-Channel Power MOSFETs.............. 0.000 e ee eau 
Avalanche-Energy-Rated P-Channel Power MOSFETs ............ 0... eee e eee 
Avalanche-Energy-Rated P-Channel Power MOSFETsS.............. 0.02 eee eee 
Avalanche-Energy-Rated P-Channel Power MOSFETS............-.- 00 eee eee eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ................-.0 eee e ee 
N-Channel Power MOSFETs Avalanche Energy Rated* ................... 0c eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................-..005- 
N-Channel Power MOSFETs Avalanche Energy Rated* .....................005- 
N-Channel Power MOSFETs Avalanche Energy Rated” ................20 0. ee eee 
N-Channel Power MOSFETs Avalanche Energy Rated* .................0000 eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ............... 00. ee euee 
N-Channel Power MOSFETs Avalanche Energy Rated* ............... 00.00.00 
N-Channel Power MOSFETs Avalanche Energy Rated™ ............ 0.0. ee eee eee 
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GENERAL 
INFORMATION 


IRFF120R 
IRFF121 
IRFF121R 
IRFF122 
IRFF122R 
IRFF123 
IRFF123R 
IRFF130 
IRFF130R 
IRFF131 
IRFF131R 
IRFF132 
IRFF132R 
IRFF133 
IRFF133R 
IRFF210 
IRFF210R 
IRFF211 
IRFF211R 
IRFF212 
IRFF212R 
IRFF213 
IRFF213R 
IRFF220 
IRFF220R 
IRFF221 
IRFF221R 
IRFF222 
IRFF222R 
IRFF223 
IRFF223R 
IRFF230 
IRFF230R 
IRFF231 
IRFF231R 
IRFF232 
IRFF232R 
IRFF233 
IRFF233R 
IRFF310 
IRFF310R 
IRFF311 
IRFF311R 
IRFF312 
IRFF312R 
IRFF313 
IRFF313R 
IRFF320 
IRFF320R 
IRFF321 


* R Suffix Types Only 


ALPHA NUMERIC PRODUCT INDEX continue) 


N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated” 
N-Channel Power MOSFETs Avalanche Energy Rated” 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated” 
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IRFF321R 
IRFF322 
IRFF322R 
IRFF323 
IRFF323R 
IRFF330 
IRFF330R 
IRFF331 
IRFF331R 
IRFF332 
IRFF332R 
IRFF333 
IRFF333R 
IRFF420 
IRFF420R 
IRFF421 
IRFF421R 
IRFF422 
IRFF422R 
IRFF423 
IRFF423R 
IRFF430 
IRFF430R 
IRFF431 
IRFF431R 
IRFF432 
IRFF432R 
IRFF433 
IRFF433R 
IRFF9120 
IRFF9121 
IRFF9122 
IRFF9123 
IRFF9130 
IRFF9131 
IRFF9132 
IRFF9133 
IRFF9220 
IRFF9221 
IRFF9222 
IRFF9223 
IRFF9230 
IRFF9231 
IRFF9232 
IRFF9233 
IRFP140R 
IRFP141R 
IRFP142R 
IRFP143R 
IRFP150 


* R Suffix Types Only 


ALPHA NUMERIC PRODUCT INDEX continue) 


N-Channel Power MOSFETs Avalanche Energy Rated* ..................000 eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000000- 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................0000055 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................0000005 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................0000005 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................-0000- 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................0 0000s 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................20005 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000- 
N-Channel Power MOSFETs Avalanche Energy Rated* .....................005. 
N-Channel Power MOSFETs Avalanche Energy Rated* ...............00.0 0 ee eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................0 0000 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000- 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................0000005 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................2000 00s 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000008. 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000 00 ee 
N-Channel Power MOSFETs Avalanche Energy Rated* ............. 0.000000 eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ................0.0000 cue 
N-Channel Power MOSFETs Avalanche Energy Rated* .............. 0.0.00 ee eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................000005 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000e 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000 000 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................0 eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................0005- 
N-Channel Power MOSFETs Avalanche Energy Rated* ................... 000 e ee 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................00000- 
N-Channel Power MOSFETs Avalanche Energy Rated* ..................000000- 
N-Channel Power MOSFETs Avalanche Energy Rated* ...................000005 
Avalanche-Energy-Rated P-Channel Power MOSFETsS.............. 00000 c ee eees 
Avalanche-Energy-Rated P-Channel Power MOSFETs...............00000 ee eees 
Avalanche-Energy-Rated P-Channel Power MOSFETs............... 00000 eeeees 
Avalanche-Energy-Rated P-Channel Power MOSFETS................200 0c eues 
Avalanche Energy-Rated P-Channel Power MOSFETs ............... 00000 eeaes 
Avalanche Energy-Rated P-Channel Power MOSFETs...............0000000 eee 
Avalanche Energy-Rated P-Channel Power MOSFETs...............00000 0c ees 
Avalanche Energy-Rated P-Channel Power MOSFETS................000000 cues 
Avalanche Energy-Rated P-Channel Power MOSFETs..............000000 0 ee eee 
Avalanche Energy-Rated P-Channel Power MOSFETs...............00000 ee eaee 
Avalanche Energy-Rated P-Channel Power MOSFETS.................000 ee eee 
Avalanche Energy-Rated P-Channel Power MOSFETS...............0000 00 eeuee 
Avalanche Energy-Rated P-Channel Power MOSFETs ...............0 00000 eues 
Avalanche Energy-Rated P-Channel Power MOSFETs..............00 0000 eeeees 
Avalanche Energy-Rated P-Channel Power MOSFETs..............000 00: ee euee 
Avalanche Energy-Rated P-Channel Power MOSFETsS..............000 00 eee euee 
N-Channel Power MOSFETs Avalanche Energy Rated..................2 eee 
N-Channel Power MOSFETs Avalanche Energy Rated...................2-- eee 
N-Channel Power MOSFETs Avalanche Energy Rated.................00000 000. 
N-Channel Power MOSFETs Avalanche Energy Rated..................2200 eee 
N-Channel Power MOSFETs Avalanche Energy Rated* ....................0000. 
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GENERAL 
INFORMATION 


IRFP150R 
IRFP 151 
IRFP151R 
IRFP152 
IRFP152R 
IRFP153 
IRFP153R 
IRFP240R 
IRFP241R 
IRFP242R 
IRFP243R 
IRFP244 
IRFP245 
IRFP246 
IRFP247 
IRFP250 
IRFP250R 
IRFP251 
IRFP251R 
IRFP252 
IRFP252R 
IRFP253 
IRFP253R 
IRFP254 
IRFP255 
IRFP256 
IRPP257 
IRFP340R 
IRFP341R 
IRFP342R 
IRFP343R 
IRFP350 
IRFP350R 
IRFP351 
IRFP351R 
IRFP352 
IRFP352R 
IRFP353 
IRFP353R 
IRFP360 
IRFP362 
IRFP440R 
IRFP441R 
IRFP442R 
IRFP443R 
IRFP450 
IRFP450R 
IRFP451 
IRFP451R 
IRFP452 


*R Suffix Types Only 


ALPHA NUMERIC PRODUCT INDEX ccontinuea) 


N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
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IRFP452R 
IRFP453 

IRFP453R 
IRFP460 

IRFP462 

IRFP9140 
IRFP9141 
IRFP9142 
IRFP9143 
IRFP9150 
IRFP9151 
IRFP9240 
IRFP924 1 
IRFP9242 
IRFP9243 


IRFPC40R 
IRFPC42R 


IRFPG40 
IRFPG42 
IRFR110 
IRFR120 
IRFR121 

IRFR214 
IRFR220 
IRFR221 

IRFR222 
IRFR320 
IRFR321 

IRFR3822 
IRFR410 


IRFR420 
IRFR421 
IRFR422 
IRFU110 
IRFU120 
IRFU121 
IRFU214 
IRFU220 
IRFU2214 
IRFU222 
IRFU320 
IRFU321 
IRFU322 
IRFU410 


IRFU420 
IRFU421 
IRFU422 


RFA100NO5E 


* R Suffix Types Only 


ALPHA NUMERIC PRODUCT INDEX ccontinuea) 


PAGE 
N-Channel Power MOSFETs Avalanche Energy Rated* .....................005. 4-528 
N-Channel Power MOSFETs Avalanche Energy Rated” ................0.00 ee eee 4-528 
N-Channel Power MOSFETs Avalanche Energy Rated* .................-.000005 4-528 
N-Channel Power MOSFETs Avalanche Energy Rated.................0000 00 eee 4-533 
N-Channel Power MOSFETs Avalanche Energy Rated..................0. eeu ee 4-533 
Avalanche Energy-Rated P-Channel Power MOSFETs ..............00- eee eeues 5-130 
Avalanche Energy-Rated P-Channel Power MOSFETs..................000 eee 5-130 
Avalanche Energy-Rated P-Channel Power MOSFETs ..............----- eee eeee 5-130 
Avalanche Energy-Rated P-Channel Power MOSFETs...............00e eee eaes 5-130 
Avalanche Energy-Rated P-Channel Power MOSFETs............... 0000 e ee eeee §-135 
Avalanche Energy-Rated P-Channel Power MOSFETS.............. 0000 cee eeees 5-135 
Avalanche Energy-Rated P-Channel Power MOSFETs................00000 00s 5-140 
Avalanche Energy-Rated P-Channel Power MOSFETs ............... 0000 eeeeaee 5-140 
Avalanche Energy-Rated P-Channel Power MOSFETsS.............. 00000: ee eeee 5-140 
Avalanche Energy-Rated P-Channel Power MOSFETs .............. 0000 eee eeuee 5-140 
N-Channel Power MOSFETs Avalanche Energy Rated................. 0. eee 4-538 
N-Channel Power MOSFETs Avalanche Energy Rated.............. 000 cee eee eee 4-538 
High Voltage N-Channel Enhancement-Mode Power Field-Effect Transistors ......... 4-544 
High Voltage N-Channel Enhancement-Mode Power Field-Effect Transistors ......... 4-544 
N-Channel Power MOSFETs Avalanche Energy Rated...................0000008 4-549 
N-Channel Power MOSFETs Avalanche Energy Rated.................000 0c eee 4-555 
N-Channel Power MOSFETs Avalanche Energy Rated ............ 0.0... eee eens 4-555 
N-Channel Power MOSFETs Avalanche Energy Rated..................... eee 4-560 
N-Channel Power MOSFETs Avalanche Energy Rated .................-200 eee ee 4-565 
N-Channel Power MOSFETs Avalanche Energy Rated................00 2 cee eee 4-565 
N-Channel Power MOSFETs Avalanche Energy Rated...................0- eee 4-565 
N-Channel Power MOSFETs Avalanche Energy Rated..............0 cece eeee 4-570 
N-Channel Power MOSFETs Avalanche Energy Rated.............. 02. e eee eee 4-570 
N-Channel Power MOSFETs Avalanche Energy Rated................... 0c eee 4-570 
1.5A, 500V Avalanche Energy Rated N-Channel Enhancement Mode 
PRNGE MOST ENS £24 56608245 bined dh gee vs ee 2 bee 6 Ph EEO eee ee eee 4 be oKe4 4-575 
N-Channel Power MOSFETs Avalanche Energy Rated.................00 eee eee 4-580 
N-Channel Power MOSFETs Avalanche Energy Rated...................0--008) 4-580 
N-Channel Power MOSFETs Avalanche Energy Rated..................00000005 4-580 
N-Channel Power MOSFETs Avalanche Energy Rated..................--.0005- 4-549 
N-Channel Power MOSFETs Avalanche Energy Rated.................-.0-0005- 4-555 
N-Channel Power MOSFETs Avalanche Energy Rated.................-.--00 000 4-555 
N-Channel Power MOSFETs Avalanche Energy Rated............... 0c eee eee 4-560 
N-Channel Power MOSFETs Avalanche Energy Rated...................2-00085 4-565 
N-Channel Power MOSFETs Avalanche Energy Rated................00 0c eee eee 4-565 
N-Channel Power MOSFETs Avalanche Energy Rated................-...00000- 4-565 
N-Channel Power MOSFETs Avalanche Energy Rated......................000- 4-570 
N-Channel Power MOSFETs Avalanche Energy Rated.................-.000008- 4-570 
N-Channel Power MOSFETs Avalanche Energy Rated..................20000005 4-570 
1.5A, 500V Avalanche Energy Rated N-Channel Enhancement Mode 
POUT MSS atacedarssradnned onwevas es Geeeds eter bw e heee eses Hon eeant 4-575 
N-Channel Power MOSFETs Avalanche Energy Rated...................0000005 4-580 
N-Channel Power MOSFETs Avalanche Energy Rated................ 200. ee eeee 4-580 
N-Channel Power MOSFETs Avalanche Energy Rated .................20 2 ee eeee 4-580 
N-Channel Enhancement-Mode Power Field-Effect Transistor (MegaFETs) .......... 4-778 

1-13 


GENERAL 
INFORMATION 


RFB18N10CS 
RFD3NO8L 
RFD3NO8LSM 
RFD4NO6L 
RFD4NO6LSM 
RFD7N10LE 


RFD7N10LESM 


RFD12NO6RLE 
RFD12NO6RLESM 
RFD14NO05 
RFD14NO5L 
RFD14NO5LSM 
RFD14NO5SM 
RFD16NO05 
RFD16NO5L 
RFD16NO5LSM 
RFD16NO5SM 
RFD16NO6LE 


RFD16NO5LSM 
RFD3055 
RFD3055SM 


RFD8P05 
RFD8PO5SM 
RFD10PO3L 


RFD10PO03LSM 


RFD15P05 
RFD15P05SM 
RFG40N10 
RFG45N06 


RFGSONO5 
RFGSONOSL 
RFG50N06 


RFG7ONO6 
RFG75NO5E 
RFG30P05 
RFG30P06 
RFG60PO05E 
RFG60PO6E 
RFG70NO6 
RFH10N45 
RFH10N50 
RFH12N35 


ALPHA NUMERIC PRODUCT INDEX continued) 


Current Sensing N-Channel Enhancement-Mode Power Field-Effect Transistor ....... 
N-Channel Logic Level Power Field Effect Transistors ............... 0000s eee eee 
N-Channel Logic Level Power Field Effect Transistors .................-..0 eee ee 
N-Channel Logic Level Power Field Effect Transistors ............ 0.0.0. e eee 
N-Channel Logic Level Power Field Effect Transistors .......... 0.0... e eee eee eee 


7A, 100V, ESD Rated, Avalanche Rated, Logic Level N-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) ..............00 0 eee eee eeee 


7A, 100V, ESD Rated, Avalanche Rated, Logic Level N-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) .............---- 0s eee ee ence 


N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors (MegaFETs) 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors (MegaFETs) 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors .......... 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors .......... 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors .......... 
N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors .......... 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 


16A, 60V, ESD Rated, Avalanche Rated, Logic Level N-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) ............--0- 0s eee e reece 


16A, 60V, ESD Rated, Avalanche Rated, Logic Level N-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) ...........-..002 ee eee eee eee 


12A, 60V, Avalanche Rated, N-Channel Enhancement-Mode 
Power MOSFE lS (MGGErETS) 0224 deeds cemadceecarcetassesedinacasaedessces 


12A, 60V, Avalanche Rated, N-Channel Enhancement-Mode 
Power MOSFETs (MGGGrElS) 6 ais cawc ce cewce Kee see seb oe ee soem boas eoRRE ESE SE 


P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 
P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 


10A, -30V, Avalanche Rated, Logic Level P-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) .............0 0c cece ee eens 


10A, -30V, Avalanche Rated, Logic Level P-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) ...........-- 20 eee eee 


P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 
P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 


45A, 60V, Avalanche Rated N-Channel Enhancement-Mode Power 
Jb ees go | a ee er ey re et eee 


N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 
N-Channel Logic Level Ennancement-Mode Power Field-Effect Transistors (MegaFETs) 


50A, 60V, Avalanche Rated N-Channel Enhancement-Mode Power 
WEA S NOOR DS) cng coun se obese os £64 bs SAH SRST AOTS LORE REDE SRR Oe 


N-Channel Enhancement-Mode Power Field-Effect Transistors.................05. 
N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 
P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 
P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 
P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) ......... 
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Power MOSFET Cross Reference 


PRODUCT HARRIS TYPE PRODUCT PRODUCT HARRIS TYPE 


BUZ60B 


HARRIS TYPE 


BUK455-40 BUZ60 BUZ60B IRF141 IRF141R 


BUK455-40 IRF730 BUZ60B IRF732 IRF142 IRF142 


BUK455-40 IRF730R BUZ60B IRF732R IRF142 IRF142R 


BUK455-50 BUZ41A BUZ71 BUZ71 IRF143 IRF143 


BUK455-50 IRF830 BUZ71 RFP14N05 IRF143 IRF143R 


BUK455-50 IRF830R BUZ71A BUZ71A IRF150 IRF150 


BUK456-60 RFP45N06 BUZ72A BUZ72A IRF150 IRF150R 


BUK457-60 IRFBC40R BUZ73 BUZ32 IRF150 2N6764 


BUK552-60 RFP3055RL BUZ73 IRF630 IRF150 RFK35N10 


BUK553-60 RFP25NO6L BUZ73 IRF630R IRF 151 IRF151 


BUK553-60 RFP17NO6L BUZ74 IRF820 IRF151 IRF151R 


BUZ74 IRF 152 IRF152 
BUZ74 


BUZ74A 


BUK554-20 RFP8N20L IRF820R 


BUZ10A BUZ71A RFP3N50 IRF152 IRF152R 


BUZ11 BUZ11 IRF822 IRF153 IRF153 


BUZ20 BUZ20 BUZ74A IRF822R IRF153 IRF153R 


BUZ20 RFP12N10 BUZ76 BUZ76 IRF153 2N6763 


BUZ21 BUZ21 BUZ76 IRF720 IRF220 IRF220 


BUZ21 IRF542 BUZ76 IRF720R IRF221 IRF221 


BUZ21 IRF542R BUZ76A BUZ76A IRF222 IRF222 


BUZ32 BUZ32 BUZ76A IRF722 IRF223 IRF223 


BUZ32 IRF630 BUZ76A IRF722R IRF230 IRF230 


BUZ32 IRF630R IRF120 IRF120 IRF230 IRF230R 


BUZ330 RFH10N50 IRF121 IRF121 IRF230 2N6758 


BUZ353 RFH10N50 IRF122 IRF122 IRF231 IRF231 


BUZ41A BUZ41A IRF123 IRF123 IRF231 IRF231R 


BUZ41A IRF830 IRF130 IRF130 IRF232 IRF232 


BUZ41A IRF830R IRF 130 IRF232R 


IRF131 


IRF130R IRF232 


BUZ42 BUZ42 IRF131 IRF233 IRF233 


BUZ42 IRF832 IRF131 IRF131R IRF233 IRF233R 


BUZ42 IRF832R IRF132 IRF132 IRF233 2N6757 


BUZ45 BUZ45 IRF132 IRF132R IRF234 IRF234 


BUZ45 RFM10N50 IRF133 IRF133 IRF235 IRF235 


BUZ45A BUZ45A IRF133 IRF133R IRF240 IRF240 


BUZ60 BUZ60 IRF140 IRF140 IRF240 IRF240R 


BUZ60 IRF730 IRF140 IRF140R IRF241 IRF241 


BUZ60 IRF730R IRF 141 IRF141 IRF241 IRF241R 
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Power MOSFET Cross Reference continuea) 


IRF242 IRF242R IRF342R IRF442R 
IRF343R IRF443R 
IRF350R RFM10N50 
IRF351 IRF450R 
IRF352R IRF451R 
IRF353R IRF452 
2N6767 IRF452R 
IRF362 IRF453R 
RFM3N45 IRF510 
IRF422 IRF510R 
IRF430 IRF511R 
IRF430R IRF512 
2N6762 IRF512R 
IRF431R IRF513R 
IRF432R IRF520R 
IRF433 IRF521 IRF521 
IRF433R IRF521R 


IRF243 IRF243 


IRF243 IRF243R 
IRF244 IRF244 
IRF245 IRF245 


IRF250 IRF250 


IRF250 IRF250R 


IRF250 2N6766 


IRF251 IRF251 


IRF251 IRF251R 


IRF253 IRF253 
IRF253R 
ne 
IRF330R 
IRF331R 
IRF332R 
IRF333R 
ta 
rn 
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Power MOSFET Cross Reference continueg) 


PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE 
IRF630 IRF630 IRF722 IRF722R 


PRODUCT HARRIS TYPE 


IRF530 IRF530R 


IRF531 IRF531 IRF630 IRF630R IRF723 IRF723 
IRF531 IRF531R IRF631 IRF631R IRF723 IRF723R 
IRF532 IRF532 IRF632 BUZ73A IRF730 BUZ60 


rr 
aa 
aa 
aa 
ra 
ae 
a 
IRF733 IRF733 

Ga 
ar 
ar 
ra 
aa 
are 
ar 
Gaze 
ize 


ret [rein | 


nr 
no 
en 
en 
nr 
nr 
nr 
ra 
ime 
ie 
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Power MOSFET Cross Reference continuea) 


PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE 


IRF830 IRF830R IRF9230 IRF9230 IRF9543 RFP12P08 


IRF831 IRF831 IRF9231 IRF9231 IRF9620 IRF9620 


IRF831 IRF831R IRF9232 IRF9232 IRF9621 IRF9621 


IRF832 BUZ42 IRF9233 IRF9233 IRF9622 IRF9622 


IRF832 IRF832 IRF9240 IRF9240 IRF9623 IRF9623 


IRF832 IRF832R IRF9241 IRF9241 IRF9630 IRF9630 


IRF833 IRF833 IRF9241 RFM10P15 IRF9631 IRF9631 


IRF833 IRF833R IRF9242 IRF9242 IRF9632 IRF9632 


IRF9633 IRF9633 


IRF840 IRF840 IRF9243 IRF9243 


IRF840 IRF840R IRF9510 IRF9510 IRF9640 IRF9640 


IRF841 IRF841 IRF9511 IRF9511 IRF9641 IRF9641 


IRF841 IRF841R IRF9512 IRF9512 IRF9641 RFP10P15 


IRF842 IRF842 IRF9513 IRF9513 IRF9642 IRF9642 


Le 
i Ww 
wm 2 
n> 
omy) 
ox 
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IRF842 IRF9520 IRF9643 IRF9643 


IRF843 
IRF843 


IRF842R IRF9520 


IRF843 RFP6P10 IRFAC40 IRFAC40R 


IRF843R 


IRF9520 


IRF9521 IRF9521 IRFAC42 IRFAC42R 


IRF9130 2N6804 IRF9521 RFP6P08 IRFBC40 IRFBC40R 


IRF9130 IRF9130 IRF9522 IRF9522 IRFBC42 IRFBC42R 


IRF9130 IRF9142 IRF9523 IRF9523 IRFD113 IRFD113 


IRF9130 RFM12P10 IRF9530 IRF9530 IRFD113 IRFD113R 


IRF9131 IRF9131 IRF9530 IRF9542 IRFD123 IRFD123 


IRF9131 IRF9143 IRF9530 RFP12P10 IRFD123 IRFD123R 


IRF9131 RFM12P08 IRF9531 IRF9531 IRFD12Z0 IRFD1Z0 


IRF9132 IRF9132 IRF9531 IRF9543 IRFD210 IRFD210 


IRF9132 RFM8P 10 IRF9531 RFP12P08 IRFD210 IRFD210R 


IRF9133 IRF9133 IRF9532 IRF9532 IRFD213 IRFD213 


IRF9133 RFM8P08 IRF9532 RFP8P10 IRFD213 IRFD213R 


IRF9140 IRF9140 IRF9533 IRF9533 IRFD220 IRFD220 


IRF9141 IRF9141 IRF9533 RFP8P08 IRFD220 IRFD220R 


IRF9142 2N6804 IRF9540 IRF9540 IRFD223 IRFD223 


IRF9142 IRF9130 IRF9541 IRF9541 IRFD223 IRFD223R 


IRF9142 IRF9142 IRF9542 IRF9530 IRFD9110 IRFD9110 


IRF9142 RFM12P10 IRF9542 IRF9542 IRFD9113 IRFD9113 


IRF9143 IRF9131 IRF9542 RFP12P10 IRFD9120 IRFD9120 


IRF9143 IRF9143 IRF9543 IRF9531 IRFD9123 IRFD9123 


IRF9143 RFM12P08 IRF9543 IRF9543 IRFD9220 IRFD9220 


Power MOSFET Cross Reference continuea) 


PRODUCT HARRIS TYPE 


IRFF323 


PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE 


IRFD9223 IRFD9223 IRFF213 IRFF213 IRFF323 


IRFF110 2N6782 IRFF213 IRFF213R IRFF323 IRFF323R 


IRFF110 IRFF110 IRFF220 IRFF220 IRFF330 IRFF330 


IRFF110 IRFF110R IRFF220 IRFF220R IRFF330 IRFF330R 


IRFF111 IRFF111 IRFF220 2N6790 IRFF330 2N6800 


IRFF111 IRFF111R IRFF221 IRFF221 IRFF331 IRFF331 


IRFF112 IRFF112 IRFF221 IRFF221R IRFF331 IRFF331R 


IRFF112 IRFF112R IRFF222 IRFF222 IRFF332 IRFF332 


IRFF113 IRFF113 IRFF222 IRFF222R IRFF332 IRFF332R 


IRFF113 IRFF113R IRFF223 IRFF223 IRFF333 IRFF333 


IRFF120 IRFF120 IRFF223 IRFF223R IRFF333 IRFF333R 


IRFF120 IRFF120R IRFF230 IRFF230 IRFF420 IRFF420 


IRFF120 2N6788 IRFF230 IRFF230R IRFF420 IRFF420R 


IRFF121 IRFF 121 IRFF231 IRFF231 IRFF420 2N6794 


IRFF121 IRFF121R IRFF231 IRFF231R IRFF421 IRFF421 


IRFF122 IRFF122 IRFF231 RFL4N15 IRFF421 IRFF421R 


IRFF122 IRFF122R IRFF232 IRFF232 IRFF422 IRFF422 


IRFF122 2N6798 IRFF232 IRFF232R IRFF422 IRFF422R 


IRFF123 IRFF123 _ IRFF233 IRFF233 IRFF423 IRFF423 


IRFF123 IRFF123R IRFF233 IRFF233R IRFF423 IRFF423R 


IRFF130 IRFF130 IRFF310 IRFF310 IRFF430 IRFF430 


IRFF130 IRFF130R IRFF310 IRFF310R IRFF430 IRFF430R 


IRFF130 2N6796 IRFF310 2N6786 IRFF430 2N6802 


IRFF131 IRFF131 IRFF311 IRFF311 IRFF431 IRFF431 


IRFF131 IRFF131R IRFF311 IRFF311R IRFF431 IRFF431R 


IRFF132 IRFF132 IRFF312 IRFF312 IRFF432 IRFF432 


IRFF132 IRFF132R IRFF312 IRFF312R IRFF432 IRFF432R 


IRFF133 IRFF133 IRFF313 IRFF313 IRFF433 IRFF433 


IRFF133 IRFF313R 


IRFF210 


IRFF133R IRFF313 


IRFF320 


IRFF433 IRFF433R 


IRFF210 IRFF320 IRFF9120 IRFF9120 


IRFF210 IRFF210R IRFF320 IRFF320R IRFF9121 IRFF9121 


IRFF210 2N6784 IRFF320 2N6792 IRFF9122 IRFF9122 


IRFF211 IRFF211 IRFF321 IRFF321 IRFF9123 IRFF9123 


IRFF211 IRFF211R IRFF321 IRFF321R IRFF9130 IRFF9130 


IRFF212 IRFF212 


IRFF322 IRFF322 IRFF9130 2N6849 


IRFF212 IRFF212R IRFF322 IRFF322R IRFF9131 IRFF9131 


Power MOSFET Cross Reference continuea) 


PRODUCT 
IRFP9243 
a 
IRFPG40 
IRFPG42 
IRFRO20 
IRFR110 
IRFR120 


PRODUCT HARRIS TYPE 


IRFP255 

IRFP340R 
IRFP341R 
IRFP342R 
IRFP343R 
IRFP350 

IRFP350R 


PRODUCT HARRIS TYPE 


IRFF9132 IRFF9132 


IRFF9133 IRFF9133 


IRFF9220 IRFF9220 


IRFF9221 IRFF9221 
IRFF9222 IRFF9222 
IRFF9223 


IRFF9230 


IRFF9223 


IRFF9230 IRFF9230 IRFP351 IRFR121 

IRFF9231 IRFF9231 IRFP351R IRFR214 

IRFF9232 IRFF9232 IRFP352 IRFR220 

IRFF9233 IRFF9233 IRFP352R IRFR222 rT 

IRFP044 RFG45N06 IRFP353 IRFR320 rare) 

IRFP054 RFG70NO6 IRFP353R IRFR420 3 rc) 
O 


IRFP7140 IRFP140R 


IRFR9022 
IRFU020 
IRFU110 
IRFU120 
IRFU121 
IRFU214 
IRFU220 
IRFU222 
IRFU320 
IRFU420 

IRFU9022 

ir 

ITXP7N45 

ITXP7N45 

IXFH12N5 

IXFH12N5 

IXFH13N5 

IXFH13N5 


IRFP360 
| IRFP362 
IRFP440R 
IRFP441R 
IRFP442R 
IRFP443R 
IRFP450 
IRFP450R 
IRFP451 
IRFP451R 
IRFP452 
IRFP452R 
IRFP453 
IRFP453R 
IRFP460 
IRFP462 
IRFP9140 
IRFP9141 
IRFP9142 
IRFP9143 
| iRFPs240 | IRFP9240 
IRFP9241 
IRFP9242 


IRFP 141 IRFP141R 


IRFP 142 IRFP142R 
IRFP143 IRFP143R- 


IRFP150 IRFP150 


IRFP 150 IRFP150R 


IRFP 152 IRFP140R 


IRFP153 IRFP141R 


IRFP240 IRFP240R 
IRFP241 IRFP241R 
IRFP242 IRFP242R 
IRFP243 IRFP243R 
IRFP244 IRFP244 
IRFP245 IRFP245 


IRFP250 IRFP250 


IRFP250 IRFP250R 


IRFP251 IRFP251 


IRFP251 IRFP251R 


IRFP252 IRFP252 


IRFP252 IRFP252R 


IRFP253 IRFP253 


IRFP253 IRFP253R 


IRFP254 IRFP254 


Power MOSFET Cross Reference continuea) 


PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE 


IXFM12N5 BUZ45B IXTP4N50 IRF830R MTM15N40 2N6768 


IXFM12N5 IRF452 IXTP6N60 IRFBC40R MTM15N40 IRF350 


| IXFM12N5 IRF452R IXTP7N45 IRF841 MTM15N40 IRF350R 


IXFM13N5 2N6770 IXTP7N45 IRF841R MTM15N40E - 2N6768 


IXFM13N5 IRF450 IXTP7N50 IRF842 MTM15N40E IRF350 


IXFM13N5 IRF450R IXTP7N50 IRF842R MTM15N40E IRF350R 


IXTH12N4 IRFP453 IXTP7N50 IRF840 MTM15N45 IRF451 


IXTH12N4 IRFP453R IXTP7N50 IRF840R MTM15N45 IRF451R 


IXTH12N4 IRFP451 MLP1NO6CL RLP1NO6CL MTM15N50 2N6770 


IXTH12N4 IRFP451R MTD10NO5E RFD14N05 MTM15N50 IRF450 


IXTH12N5 IRFP452 MTD2N50 IRFU410 MTM15N50 IRF450R 


IXTH12N5 IRFP452R MTD2N50 IRFU422 MTM2N50 IRF422 


IXTH12N5 IRFP450 MTD3055E RFD3055 MTM4N45 IRF431 


IXTH12N5 IRFP450R MTDS3055EL RFD3055RL MTM4N45 IRF431R 


IXTH15N4 IRFP451 MTD3055EL RFD3055RL MTM4N50 2N6762 


IXTH15N4 IRFP451R MTH20P08 RFH25P08 MTM4N50 IRF430 


IXTH15N5 IRFP450 MTH20P10 RFH25P10 . MTM4N50 IRF430R 


IXTH15N5 IRFP450R MTM10N12L RFM10N12L MTM5N35 IRF331 


IXTM12N4 2N6769 MTM10N15L RFM10N15L MTM5N35 IRF331R 


IXTM12N4 IRF453 MTM10N35 IRF234 MTM5N40 2N6760 


IXTM12N4 IRF453R MTM12NO08L RFM12NO8L MTM5N40 IRF330 


IXTM12N4 IRF451 MTM12N10 2N6756 MTM5N40 IRF330R 


IXTM12N4 IRF451R MTM12N10L MTM6N60 IRFAC40R 


IXTM15N5 2N6770 MTM12N10L RFM12N10L MTM7N50 BUZ45A 


IXTM15N5 IRF450 MTM12P08 IRF9131 MTM8N20 2N6758 


IXTM15N5 IRF450R MTM12P08 IRF9143 MTM8N20 IRF230 


IXTM6N60 IRFAC40R MTM12P08 RFM12P08 MTM8N20 IRF230R 


| IXTP4N45 IRF833 MTM12P10 2N6804 MTM8N40 IRF340 


IXTP4N45 IRF833R MTM12P10 IRF9130 MTM8N40 IRF340R 


IRF9133 
RFM8P08 


IXTP4N45 IRF831 MTM12P10 IRF9142 MTM8P08 


IXTP4N45 IRF831R MTM12P10 RFM12P10 MTM8P08 


IXTP4N50 BUZ42 MTM13N50E 2N6770 MTM8P 10 IRF9132 


IXTP4N50 IRF832 MTM13N50E IRF450 MTM8P 10 RFM8P10 


IXTP4N50 IRF832R MTM13N50E IRF450R MTM8P20 IRF9242 


IXTP4N50 BUZ41A MTM15N35 IRF351 MTP10N10E BUZ72A 


IXTP4N50 IRF830 MTM15N35 IRF351R MTP10N12L RFP10N12LD 
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Power MOSFET Cross Reference continue) 


MTP10N15 IRFP150R 

aN 
MTP3055EL 
MTP3N10L 
MTP3N45 
MTP3N45 
MTP3N45 


PRODUCT HARRIS TYPE 


MTP3N50E IRF820 


MTP3N50E IRF820R 


MTP3N50E RFP3N50 


MTP4N40E BUZ76 


MTP4N40E IRF720 


MTP4N40E IRF720R 


MTP4N45 IRF831 


MTP4N45 IRF831R 


MTP4N50E BUZ41A 


MTP4N50E IRF830 


MTP4N50E IRF830R 


MTP5N35 IRF731 


MTP5N35 IRF731R 


MTP5N40E BUZ60 


MTPSN40E IRF730 


MTP5N40E IRF730R 


MTP6N60 IRFBC40R 


MTP6N60E IRFBC40R 


MTP8N20 BUZ32 


MTP8N20 IRF630 


MTP8N20 IRF630R 


MTP8P08 IRF9533 


MTP8P08 RFP8P08 


MTP8P10 IRF9532 


MTP8P10 RFP8P10 


MTW10N40E IRFP340R 


MTW14N05E IRFP450 


MTW14NO05E IRFP450R 


MTW16N40E IRFP350 


MTW16N40E IRFP350R 


MTW20N50E IRFP460 


MTW23N25E IRFP254 


IRFP360 
IRFP250 
IRFP250R 
IRFP150 
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POWER MOSFETs 3. 
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Power Product Selection Guide 


R MOSFETs 
TO-205AF 


FEATURE SUFFIX 


R: Rugged Capabilities Guaranteed 
L: Logic Level 5V Gate 

SM: Surface Mount Leadform (TO-252) 
E: ESD Protected Device 


CS: Current Sensing a 
C: Voltage Clamping fo SY 
B: Integral Turn-Off Driver [Sw 


VOLTAGE RATING/10 


| 
i.e., .05 = 50V, 10 = 100V, 20 = 200V, etc. 
4-LEAD DIP 

POLARITY 

N: N-Channel 

P: P-Channel 
CURRENT RATING 

1=1A, 10 = 10A, 25 = 25A, etc. 


PACKAGE DESIGNATION TO-218AC 
: MO-093AA 

: TS-001 

: TO-251, TO-252 (D-PAK) 

TO-247 

: TO-218AC 

: TO-204AE (TO-3 with 60 MIL Leads) 

: TO-205AF (TO-39 with Low Profile Cap) 
: TO-204AA (TO-3 with 40 MIL Leads) 

: TO-220AB 

: 5 Lead TO-247 


DEVICE TYPE 
F: Standard MOSFET 
L: Current Limited MOSFET 


TO-204AA/AE 


<VUSrALTOOND>Y 
SELECTION 
GUIDE 


Example: RLP1NO8LE ESD Protected, Current Limited, TO-220, 1A, N-Channel, 80V Logic Level MOSFET 
RFD15NO5SM D-PAK, 15A, N-Channel, 50V, Surface Mount Leadform MOSFET 
RFP12NO6RLE TO-220, 12A N-Channel, 60V, Rugged, Logic Level, ESD Protected MOSFET 


IRF MOSFETs 


R: Ruggedized (Early Indicator for Avalanche 
Capability. All Devices now have EAS Ratings) 


HEX DIE SIZE, Voltage Polarity 
and Electrical Selection 


PACKAGE DESIGNATION: 
C: 5 Lead TO-220, Current Sensing 
FA: TO-204AA 
FD: 4 Lead DIP 
FF: TO-205AF (TO-39) 
FP: TO-247 
FR: TO-252 
FU: TO-251 
F1-F4: TO-204AA 
F5-F8: TO-220 
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Advanced Power MOS Products 
Current Limiting MOSFETs 


Features TERMINAL DIAGRAM MAXIMUM RATINGS PACKAGE 
9) 
e Current Limits to a Pre-Set Level in a 
Shorted Load Condition 
G 


“Logic-Level” Gate Input Allows Fully on 
Condition at 5V 


Monolithic Device Incorporates a Bipolar 
Transistor, 2 Resistors, a Zener Diode and 
a Power MOSFET Ss 


¢ ESD Protected to 2kV 


e 


(V) (A) (Q) | (kV) 


Two | 1 [07s | 2 | miPinoele 
fo [ss [oie [2 | nuPsnoae 


Voltage Clamping, Current Limiting MOSFETs 


MAXIMUM RATINGS PACKAGE 


cH 
ye 
BVpss |!psum| Ros (on) | ESD SS 
(V) (A) (Q) | (kV) 


Features TERMINAL DIAGRAM 


D 
e Excessive Drain-Source Voltage Clamped 
by Active Region Turn-On, Clamp Voltage 
Level: 60 - 70V G 
e Current Limits to a Pre-Set Level in a 
Shorted Load Condition 
¢ Monolithic Device Incorporates a Bipolar P 


Transistor, 2 Resistors, 2 Zener Diodes and 
a Power MOSFET 


TO-220 


ss] 1 [os | 2 | mpinoscie 


Current Sensing MOSFETs 


¢ Built-In Current Sensing Function to be - 
Used as a Feed-Back Signal for Control 
and/or Protection 
SOURCE ; 
Low R = 0.19 max 
DS(ON) a P KELVIN | BV rg — 
¢ Current Sensing Ratio = 1500 +10% (V) (Q) 
CURRENT 
¢ Avalanche Energy Rated for Rugged- SENSE | too | 18 | Oto AEP INOS 
ness 
S 
Buffered FET 


BVpss Rps (on) 
(V) (Q) 


¢ Fall Time te <5ns D 
e Similar Electrical Performance of an 
IRF450 G; 
Rpsion) 0.482 max 
G2 
Avalanche Rated to Ipy at +25°C and ‘ 
+150°C " 
Ss 


e ESD Protected Gates -2KV 
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Power Product Selection Guide 


N-Channel Power MOSFET 


CROSS SECTION OF CHIP STRUCTURE JUNCTION DIAGRAM SHOWING BIASING 
ARRANGEMENTS 


SCHEMATIC SYMBOL 


P CONVERTED 
ALUMINUM GATE TO N-CHANNEL 


Rugged and Standard IRF-Series Power 


MOSFETs 
Features Description 
e Single Pulse Avalanche Energy Rated The Rugged Series of Power MOSFETs are designed, tested, 


and guaranteed to withstand a specified level of circuit induced 
electrical stress in the breakdown avalanche mode of operation. 
e Nanosecond Switching Speeds These are n-channel enhancement mode polysilicon gate 
power field effect transistors designed for applications such as 
switching regulators, switching converters, motor and relay driv- 
High Input Impedance ers, and drivers for high power bipolar switching transistors 
requiring high speed and low gate drive power. 


¢ SOA is Power Dissipation Limited 


SELECTION 
GUIDE 


e Linear Transfer Characteristics 


Allows Reduced Protection Circuitry 
Using state-of-the-art integrated circuit processing techniques, 


¢ Reduced Drive Requirements these Rugged MOSFETs provide superior performance in induc- 

Increased System Reliability tive switching applications. The design is optimized to suppress 
the parasitic bipolar transistor and improve system reliability. 
These types can be driven directly from integrated circuits. 


Rugged Series devices are identified by the suffix letter R fol- 
lowing the type number or by the inclusion of a UIS SOA rating 
chart on the datasheet. This chart provides the user with a 
broad range of application usages for this capability. Application 
notes AN9321 and AN9322 detail this rating system. 
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Power Product Selection Guide 


MegaFET Product Series 


MAXIMUM RATINGS 


N-CHANNEL 


CEES ee ee OE ©. ee ee 


RFD14N05 RFD14NO05SM RFP14N05 
RFD16NO05 RFD16NO5SM 
RFP25N05 
RFPSONO5 RFGSONO5S 
RFG75NO5E | RFH75NO5E 


RFD3055 RFD3055SM RFP3055 
: RFP45N06 RFG45N06 
t RFP5SONO6 RFGSONO6 
t RFP7ONO06 RFG70ON06 


22 0.080 Tt RFP22N10 
40 0.040 tT RFP40N10 RFG40N10 


P-CHANNEL 


RFD8P05 RFD8P05SM RFP8P05 
RFD15P05 RFD15P05SM RFP15P05 
RFP30P05 RFG30P05 
RFG60P05E 


NOTE: t = More complete ruggedness capability now specified; UIS current vs time in avalanche graph on data sheet. 


RFA100NO5E 


Logic Level MegaFET Product Series 


MAXIMUM RATINGS 


BVpss RpS(ON) 
(V) (Q) TO-220AB TO-247 4 LEAD DIP 


N-CHANNEL 


RFD14NO05L RFD14NO5LSM RFP14NO5L 
RFD16NO5L RFD16NO5LSM 
RFP25NO5L 
RFP5SONO5SL RFG50ONO5L | 


25 

50 ; 

2 0.160 Tt RFW2NO6RLE 

12 0.135 Tt RFD12NO6RLE RFD12NO6RLESM RFP12NO6RLE | 


P-CHANNEL 


NOTE: t = More complete ruggedness capability now specified; UIS current vs time in avalanche graph on data sheet. 


3-6 


Power Product Selection Guide 
Logic Level Product Series 


MAXIMUM RATINGS PACKAGE 


BVpss 
(Vv) TO-205AF | TO-204AA 


RFW2NO6RLE 


N-CHANNEL 


N.R. | RFL2NO5L 


RFP4NO5L 
RFP14NO5L 
RFP15NO5L 


RFD14NO5L | RFD14NO5LSM 


RFM15NO5L 


.R. | RFL2NO6L 
Ft RFM15NO6L 


.R. PF RFLINO8BL 
RFD3SNO8L RFD3NO8LSM 
hy RFM12NO08L 
.R. | RFLIN10L 
.R. | 2N6901 Tt 
RFD7N10LE | RFD7N10LESM 
re RFM12N10L 
: 2N6902tt 


1 1.900 RFLIN12L 

2 1.750 

10 0.300 RFM10N12L 
1.900 RFLIN15L 

2 1.750 

10 0.300 RFM10N15L 


RFD1I6NO5L | RFD16NO5LSM 


RFP25NO5L 
RFP50NO5L 


RFD4NO6L RFD4NO6LSM RFP4NO6L 
RFD12NO6RLE | RFD12NO6RLESM | RFP12NO6RLE 
RFP15NO6L 


RFD16NO6LE | RFD16NO6LESM 


RFP17NO6L 
RFP25NO6L 
RFP3ONO6LE 


SELECTION 
GUIDE 


RFP2NO8L 


RFP12NO8L 
RFP15NO8L 


100 


RFP2N10L 
RFP7N10LE 
RFP12N10L 


RFP2N12L 
RFP10N12L 


RFP2N15L 
RFP10N15L 


sk 


180 1 3.650 RFLIN18L 
2 3.500 RFP2N18L 
8 0.500 RFM8N18L RFP8N18L 
200 | 0.98 .R. | 2N6903TT 
1 .R. | RFLIN2ZOL 
2 “Ft. RFP2N20L 
8 FA. RFM8N20L RFP8N20L 
8 , 2N6904T Tt 


P-CHANNEL 


[ey eas TF |__| Rrmroraa | aroraraaton | reroroat_ 


NOTE: t = More complete ruggedness capability now specified; UIS current vs time in avalanche graph on data sheet. BOLD indicates Develop- 
mental Products. N.R. Not Rated for UIS capability. tt = QPL Approved Types. 
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Power Product Selection Guide 
IR Equivalent N-Channel Product Series 


SO ree. eee 
SD | F 1S 
Le) ey 
TO-205AF TO-204 TO-220AB 4 LEAD DIP 


R. IRFD1Z3 
IRFD1Z1 
IRF153(R) 
IRFP153(R) 
IRF151(R) IRFP151(R) 


IRFD113(R) 
IRFD111(R) 
IRFD123(R) — 
IRFD121(R) — 
IRFF113(R) 
IRFF114(R) 
IRF513(R) 
IRFF123(R) 
IRF511(R) 
IRFF121(R) 
IRFF133(R) 
IRF 123 
IRF523(R) 
IRFF131(R) 
IRFU121 IRFR121 
IRF121 
IRF521(R) 
IRF133(R) 
IRF533(R) 
IRF131(R) 
IRF531(R) 
IRF143(R) 
IRF543(R) 
IRFP143R 
IRF141(R) 
IRF541(R) 
IRFP141R 
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Power Product Selection Guide 
IR Equivalent N-Channel Product Series (Continued) 


MAXIMUM RATINGS 


BVpss Rpsion) 
(V) (Q) TO-205AF 4 LEAD DIP 


SELECTION 
GUIDE 


100 R. IRFD1Z2 
R. IRFD1ZO 
' IRFD112(R) 
IRFD110(R) 
' IRFD122(R) 
IRFD120(R) 
, IRFF112(R) 

IRFF110(R) 

, IRFU110 | IRFR110 

; IRF512(R) 

| IRFF122(R) 

IRF510(R) 

IRFF120(R) 

IRFF132(R) 

IRF522(R) | 
IRFF130(R) 

R. IRF122 ! 

IRFU120 | IRFR120 

IRF520(R) 

R. IRF120 

IRF132(R) 

IRF532(R) 

IRF130(R) 

’ IRF530(R) 

: IRF142(R) 

IRF542(R) 

IRFP142R 
IRF140(R) 

IRF540(R) 

IRFP140R 
IRF 152(R) 

IRFP152(R) 
IRF150(R) IRFP150(R) 


3-9 


Power Product Selection Guide 
IR Equivalent N-Channel Product Series (Continued) 


MAXIMUM | MAXIMUM RATINGS PACKAGE 


BVpss Rps(on) 
(Vv) (Q) TO-205AF | TO-204 TO-252 TO-220AB TO-247 4 LEAD DIP 
150 6.5 IRFD2Z3 


IRFD2Z1 
IRFD213(R) 
IRFD211(R) 
IRFD223(R) 
IRFD221(R) 


IRFF213(R) 
IRFF211(R) 


IRF613(R) 


IRFF223(R) 


IRF611(R) 


IRFF221(R) 


IRF223 
IRF623(R) 


IRFF233(R) 


IRFU221 IRFR221 


IRF221 


5.0 
2.4 
1.5 
1.2 
0.8 
2.4 
12 
2.4 
12 
1.5 
0.8 
1.2 
1.2 
0.6 
0.8 
0.8 
0.8 
0.4 


IRF621(R) 


IRFF231(R) 


IRF233(R) 
IRF231(R) 


IRF633(R) 
IRF631(R) 


IRFP243R 


IRF243(R) IRF643(R) 


IRFP241R 


IRF241(R) 
IRF253(R) 


IRF641(R) 


IRFP253(R) 


IRF251(R) 


IRFP251(R) 


200 IRFD2Z2 
IRFD2Z0 

IRFD212(R) 
IRFD210(R) 
IRFD222(R) 


IRFD220(R) 


IRFF212(R) 
IRFF210(R) 


IRF612(R) 


IRFF222(R) 


IRF610(R) 


IRFF220(R) 


IRFU222 IRFR222 


IRF222 
IRF622(R) 


IRFF232(R) 


IRFU220 IRFR220 


IRF220 
IRF620(R) 


IRFF230(R) 


IRF232(R) 
IRF230(R) 


IRF632(R) 
IRF630(R) 


IRFP242R 


IRF242(R) IRF642(R) 


IRFP240R 


IRF240(R) 
IRF252(R) 


IRF640(R) 


IRFP252(R) 


IRF250(R) 


IRFP250(R) 
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Power Product Selection Guide 
IR Equivalent N-Channel Product Series (Continued) 


MAXIMUM RATINGS 


Eas 


(mj) | TO-205AF | TO-204 4 LEAD DIP 


IRF614 


IRF625 


IRF624 
IRF235 IRF635 
IRF234 IRF634 


IRF245 IRF645 


IRFP245 


IRF244 IRF644 


IRFP244 


IRF255 


IRFP255 
IRF254 
IRFP254 


IRF627 


IRF626 
IRF237 IRF637 
IRF236 IRF636 


IRF247 IRF647 


IRFP247 


IRF246 IRF646 


IRFP246 


IRF257 
IRFP257 


IRF256 


IRFP256 


IRFD313(R) 
IRFD31 1(R) 
IRFD323(R) 
IRFD321(R) 


IRFF313(R) 
IRFF311(R) 


IRF713(R) 
IRF711(R) 


IRFF323(R) 
IRFF321(R) 


IRF723(R) 
IRF323 


IRFF333(R) 


IRF721(R) 
IRF321 


IRFF331(R) 


IRF333(R) 
IRF331(R) 


IRF733(R) 
IRF731(R) 
IRF743(R) 


IRF343(R) 


IRFP343R 


IRF341(R) IRF741(R) 


IRFP341R 


IRF353(R) 
IRFP353(R) 


IRF351(R) 


IRFP351(R) 


SELECTION 


GUIDE 


Power Product Selection Guide 
IR Equivalent N-Channel Product Series (Continued) 


MAXIMUM RATINGS 


BVpss 


(Vv) TO-205AF | TO-204 
400 
IRFF312(R) 
IRFF310(R) 
IRFF322(R) 
IRFF320(R) 
IRFU322 | IRFR322 
IRF322 
IRFF332(R) 
IRFU320 | IRFR320 
IRF320 
IRFF330(R) 
IRF332(R) 
IRF330(R) 
IRF342(R) 
IRF340(R) 
IRF352(R) 
IRF350(R) 
IRF362 
IRF360 
450 IRFF423(R) 


IRFF421(R) 


IRF423 


IRFF433(R) 


IRFU421 IRFR421 


IRF 421 


IRFF431(R) 


IRF433(R) 
IRF431(R) 
IRF443(R) 


IRF441(R) 


IRF453(R) 


IRF451(R) 
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IRF712(R) 
IRF710(R) 


IRF722(R) 


IRF720(R) 


IRF732(R) 
IRF730(R) 
IRF742(R) 


IRF740(R) 


IRF823(R) 


IRF821(R) 


IRF833(R) 
IRF831(R) 
IRF843(R) 


IRF841(R) 


TO-247 


IRFP342R 
IRFP340R 
IRFP352(R) 


IRFP350(R) 
IRFP362 


IRFP360 


IRFP443R 
IRFP441R 
IRFP453(R) 


IRFP451(R) 


4 LEAD DIP 


IRFD312(R) 
IRFD310(R) 
IRFD322(R) 
IRFD320(R) 


Power Product Selection Guide 


IR Equivalent N-Channel Product Series (Continued) 


MAXIMUM | MAXIMUM RATINGS 


Rosyon) 
TO-205AF TO-204 


IRFF422(R) 


IRFF420(R) 


IRFF432(R) 


IRFF430(R) 


IRF422 


IRF420 


IRF432(R) 


IRF430(R) 
IRF442(R) 


IRF440(R) 


IRFU410 IRFR410 


IRFU422 IRFR422 


IRFU420 IRFR420 


IRF822(R) 


IRF820(R) 


IRF832(R) 
IRF830(R) 
IRF842(R) 


IRF840(R) 


IRFP442R 


IRFP440R 
IRF452(R) 


GUIDE 


IRFP452(R) 


SELECTION 


IRF450(R) 


IRFP450(R) 
IRFP462 
IRF462 
IRFP460 
IRF460 


IRFAC42R IRFBC42R 
IRFPC42R 
IRFAC40R © IRFBC40R 


IRFPC40R 


NOTE: N.R. = Not Avalanche Rated. R = Rugged ONLY Available. (R) = Rugged AND Non-Rugged Available. Eas = Column Applies Only to Rugged 
MOSFETs. BOLD indicates Developmental Products. 
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Power Product Selection Guide 


—— 
TO-205AF TO-204 


2N6755 
re ee ee ee 
2N6782t 
2N6788t 
2N6796t 
2N6756T 
2N6764tT 


2N7224t 


2N6784t 
2N6790T 
2N6798t 
2N6758tT 
2N7225t 
2N6766t 


350 4.5 1.5 2N6759 
12.0 0.4 2N6767 


400 ‘ : 2N6786t 
2N6792t 
2N6800T 


JEDEC N-Channel 


MAXIMUM RATINGS 


2N6760T 


2N7227t 


2N6768t 


2N6794t 
2N6802t 


2N6762T 


2N7228t 


2N6770f 


NOTE: t = QPL - Approved Types 


Power Product Selection Guide 
RF and BUZ Series MOSFETs 


MAXIMUM RATINGS 


Lo 


\ 


S 


| 


TO-205AF TO-220AB 


RFL2NO5 
RFK45N05 
RFL2NO6 
RFP4N06 
RFM15N06 RFP15N06 
RFM25N06 RFP25N06 
RFK45NO06 
RFL1NO8 
RFP2N08 
RFM12N08 RFP12N08 
RFM18N08 RFP18N08 
RFK35N08 


RFL1N10 
RFP2N10 
BUZ72A 
RFM12N10 RFP12N10,BUZ20 
RFM18N10 RFP18N10 
BUZ21 
RFK35N10 


RFP4N05 
BUZ71A 
BUZ71 
RFP15N05 
BUZ11 


RFM15NO05 


RFH45N05 


RFH45NO06 


5 
7) 
O5 
a 
Lu 
Y”) 


RFH35N08 


—_ 
is) 
oO 


RFH35N10 


120 RFLIN12 
RFP2N12 
RFL4N12 
RFM10N12 RFP10N12 
RFM15N12 RFP15N12 
RFK30N12 RFH30N12 
150 RFL1N15 
RFP2N15 
RFL4N15 
RFM10N15 RFP10N15 
RFM15N15 RFP15N15 
RFK30N15 RFH30N15 
180 RFL1N18 
RFP2N18 
RFM8N18 RFP8N18 
RFM12N18 RFP12N18 
RFK25N18 RFK25N18 
200 


RFK25N20 


RFL1N20 
RFP2N20 
BUZ73A 
RFM8N20 RFP8N20 
BUZ32 
RFM12N20 RFP12N20 
RFK25N20 


3-15 


Power Product Selection Guide 
RF and BUZ Series MOSFETs (Continued) 


MAXIMUM RATINGS 


TO-220AB 


RFM4N35 RFP4N35 
RFM7N35 RFP7N35 


TO-205AF 


RFH12N35 


BUZ76A 
BUZ76 
RFM4N40 RFP4N40 
BUZ60B 
BUZ60 
RFM7N40 RFP7N40 
BUZ351 
RFH12N40 
RFM12N40 


RFM12N35 


RFM3N45 RFP3N45 
RFM6N45 RFP6N45 
RFM10N45 


RFM3N50 RFP3N50 
BUZ42 
BUZ41A 
RFP6N50 


RFH10N45 


BUZ45A 
BUZ45 
RFM10N50 
BUZ45B 


RFH10N50 


TO-205AF TO-220AB 


Q 
. RFL1P08 
! RFP2P08 
' RFM6P08 RFP6P08 
RFM8P08 RFP8P08 
RFM12P08 RFP12P08 
: RFK25P08 


RFH25P08 


Power Product Selection Guide 
RF and BUZ Series P-Channel MOSFETs (continued) 


MAXIMUM RATINGS 


TO-205AF TO-204 


JEDEC P-Channel 


MAXIMUM RATINGS 


BVpss Ibs 
(V) (A) 
100 


RFM8P10 
RFM12P10 
RFK25P 10 


TO-205AF 


1.16 2N6895t 
6.0 ; 

6.5 ‘ 2N6849T 
11.0 

12.0 


25.0 


0.2 


NOTE: t = QPL - Approved Types 
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LHF 
FP 


Za 


TO-220AB 


RFP2P10 
RFP6P10 
RFP8P10 
RFP12P10 


RFM5P 12 RFP5SP12 
RFM10P12 RFP10P12 


RFH25P 10 


2N6896t 


2N6804 
2N6897t 
2N6898t 


6 
ba 
O = 
48 
Lu 
wn 


MAXIMUM | MAXIMUMRATINGS 


Power Product Selection Guide 
IR Equivalent P-Channel Product Series 


TO-205AF 


IRFF9123 
IRFF9121 


IRFF9133 


IRFF9131 


IRFF9122 
IRFF9120 


IRFF9132 


IRFF9130 


IRFF9223 
IRFF9221 


IRFF9233 
IRFF9231 


IRF9133 
IRF9131 
IRF9143 


IRF9141 
IRF9151 


IRF9132 
IRF9130 
IRF9142 


IRF9140 
IRF9150 


IRF9233 
IRF9231 
IRF9243 


IRF9241 


IRF9513 
IRF9511 
IRF9523 
IRF9521 
IRF9533 
IRF9531 
IRF9543 


IRF9541 


IRF9512 
IRF9510 
IRF9522 
IRF9520 
IRF9532 
IRF9530 
IRF9542 


IRF9540 


IRF9623 
IRF9621 


IRF9633 
IRF9631 
IRF9643 


IRF9641 


4 LEAD DIP 


IRFD9113 
IRFD9123 


IRFP9143R 
IRFP9141R 
IRFP9151 


IRFD9110 
IRFD9120 


IRFP9142R 
IRFP9140R 
IRFP9150 


IRFD9223 


IRFP9243R 


IRFP9241R 


Power Product Selection Guide 
IR Equivalent P-Channel Product Series (Continued) 


MAXIMUM RATINGS 


a 
TO-205AF 4 LEAD DIP 


IRFD9220 
IRFF9222 
IRFF9220 
IRF9622 
IRF9620 
IRFF9232 
IRFF9230 
IRF9232 IRF9632 
IRF9230 IRF9630 
IRF9242 IRF9642 
IRFP9242R 
IRF9240 IRF9640 
IRFP9240R 


NOTE: All P-Channel MOSFETs are avalanche rated whether indicated by an R suffix or not. 


S 
5a 
O= 
48 
Lu 
” 
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POWER MOSFETs, 4. 


N-CHANNEL POWER MOSFETs 


PAGE 
N-CHANNEL POWER MOSFET DATA SHEETS 
2N6755, 2N6756 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-7 
2N6757, 2N6758 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-11 
2N6759, 2N6760 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-15 
2N6761, 2N6762 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-19 ho 
2N6763, 2N6764 N-Channel Enhancement-Mode Power MOS Field-Effect Transistors ........ 4-23 17 rT! 
2N6765, 2N6766 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-27 = a 
2N6767, 2N6768 N-Channel Enhancement-Mode Power MOS Field-Effect Transistors ........ 4-31 Ss ee 
2N6769, 2N6770 N-Channel Enhancement-Mode Power MOS Field-Effect Transistors ........ 4-35 2 a 
2N6782 N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-39 = 
2N6784 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor......... 4-44 
2N6786 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor......... 4-49 
2N6788 N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-54 
2N6790 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor......... 4-59 
2N6792 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor......... 4-64 
2N6794 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor......... 4-69 
2N6796 N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-74 
2N6798 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor......... 4-79 
2N6800 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor......... 4-84 
2N6802 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor......... 4-89 
BUZ11 N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-94 
BUZ20 N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-98 
BUZ21 N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-102 
BUZ32 N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-107 
BUZ351 N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-112 
BUZ41A N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-116 
BUZ42 N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-120 
BUZ45 N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-125 
BUZ45A N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-129 
BUZ45B N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-133 
BUZ60 N-Channel Enhancement-Mode Power Field-Effect Transistor.............. 4-137 


* R Suffix Types Only 4-4 


N-CHANNEL POWER MOSFETS (continueg) 


BUZ60B 
BUZ71 

BUZ71A 
BUZ72A 
BUZ73A 
BUZ76 

BUZ76A 


IRF 120, IRF121, 
IRF122, IRF123 


IRF 130/131/132/133, 
IRF130R/131R/132R/133R 


IRF 140/141/142/143, 
IRF140R/141R/142R/143R 


IRF150/151/152/153, 
IRF150R/151R/152R/153R 


IRF220, IRF221, 
IRF222, IRF223 


IRF230/231/232/233, 
IRF230R/231R/232R/233R 


IRF234, IRF235, 
IRF236, IRF237 


IRF240/241/242/243, 
IRF240R/241R/242R/243R 


IRF244, IRF245, 
IRF246, IRF247 


IRF250/251/252/253, 
IRF250R/251R/252R/253R 


IRF254, IRF255, 
IRF256, IRF257 


IRF320, IRF321, 
IRF322, IRF323 


IRF330/331/332/333, 
IRF330R/331R/332R/333R 


IRF340/341/342/343, 
IRF340R/341R/342R/343R 


IRF 350/35 1/352/353, 
IRF350R/351R/352R/353R 


IRF360, IRF362 


IRF 420, IRF421, 
IRF422, IRF423 


IRF430/431/432/433, 
IRF430R/431R/432R/433R 


IRF440/441/442/443, 
IRF440R/441R/442R/443R 


IRF450/451/452/453, 
IRF450R/451R/452R/453R 


IRF460, IRF462 


* R Suffix Types Only 


N-Channel Enhancement-Mode Power Field-Effect Transistor.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistor.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistor.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistor.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistor.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistor.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistor.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistors......... 


N-Channel Power MOSFETs Avalanche Energy Rated*.............. 


N-Channel Power MOSFETs Avalanche Energy Rated”.............. 


N-Channel Power MOSFETs Avalanche Energy Rated*.............. 


N-Channel Enhancement-Mode Power Field-Effect Transistors......... 


N-Channel Power MOSFETs Avalanche Energy Rated*.............. 


N-Channel Power MOSFETs Avalanche Energy Rated............... 


N-Channel Power MOSFETs Avalanche Energy Rated*.............. 


N-Channel Power MOSFETs Avalanche Energy Rated............... 


N-Channel Power MOSFETs Avalanche Energy Rated*.............. 


N-Channel Power MOSFETs Avalanche Energy Rated............... 


N-Channel Enhancement-Mode Power Field-Effect Transistors......... 


N-Channel Power MOSFETs Avalanche Energy Rated*.............. 


N-Channel Power MOSFETs Avalanche Energy Rated*.............. 


N-Channel Power MOSFETs Avalanche Energy Rated*.............. 


N-Channel Power MOSFETs Avalanche Energy Rated............... 


N-Channel Enhancement-Mode Power Field-Effect Transistors......... 
N-Channel Power MOSFETs Avalanche Energy Rated*.............. 
N-Channel Power MOSFETs Avalanche Energy Rated*.............. 
N-Channel Power MOSFETs Avalanche Energy Rated*.............. 


N-Channel Power MOSFETs Avalanche Energy Rated............... 
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N-CHANNEL POWER MOSFETs (Continued) 


IRF510/511/512/513, 
IRF510R/511R/512R/513R 


IRF520/521/522/523, 
IRF520R/521R/522R/523R 


IRF530/531/532/533, 
IRF530R/531R/532R/533R 


IRF540/541/542/543, 
IRF540R/541R/542R/543R 


IRF610/611/612/613, 
IRF610R/611R/612R/613R 


IRF614 


IRF620/621/622/623, 
IRF620R/621R/622R/623R 


IRF624, IRF625, 
IRF626, IRF627 


IRF630/631/632/633, 
IRF630R/631R/632R/633R 


IRF634, IRF635, 
IRF636, IRF637 


IRF640/641/642/643, 
IRF640R/641R/642R/643R 


IRF644, IRF645, 
IRF646, IRF647 


IRF710/711/712/713, 
IRF710R/711R/712R/713R 


IRF720/721/722/723, 
IRF720R/721R/722R/723R 


IRF730/731/732/733, 
IRF730R/731R/732R/733R 


IRF740/741/742/743, 
IRF740R/741R/742R/743R 


IRF820/821/822/823, 
IRF820R/821R/822R/823R 


IRF830/831/832/833, 
IRF830R/831R/832R/833R 


IRF840/841/842/843, 
IRF840R/841R/842R/843R 


IRFAC40R/42R 
IRFBC40R/42R 
IRFD110/111/112/113, 


IRFD110R/111R/112R/113R 


IRFD120/121/122/123, 


IRFD120R/121R/122R/123R 


IRFD12Z0, IRFD12Z1, 
IRFD1Z2, IRFD1Z3 


IRFD210/21 1/212/213, 


IRFD210R/211R/212R/213R 


* R Suffix Types Only 


N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFET Avalanche Energy Rated. . 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Enhancement-Mode Power Field-Effect Transistors............. 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated . 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated . 


N-Channel Power MOSFETs Avalanche Energy Rated” 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated” 
N-Channel Power MOSFETs Avalanche Energy Rated* 
N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFETs Avalanche Energy Rated* 


N-Channel Power MOSFET Avalanche Energy Rated. . 
N-Channel Power MOSFET Avalanche Energy Rated. . 


N-Channel Power MOSFETs Avalanche Energy Rated” 


N-Channel Power MOSFETs Avalanche Energy Rated* 


SGoeeve Cewek ewes CeO Cs 
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N-Channel Enhancement-Mode Power Field-Effect Transistors............. 


N-Channel Power MOSFETs Avalanche Energy Rated* 
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N-CHANNEL POWER MOSFETS 6 continuea) 


IRFD220/22 1/222/223, 
IRFD220R/221R/222R/223R 


IRFD2Z0, IRFD2Z1, 
IRFD2Z2, IRFD2Z3 


IRFD310/31 1/312/313, 
IRFD310R/311R/312R/313R 


IRFD320/32 1/322/323, 
IRFD320R/321R/322R/323R 


IRFF110/111/112/113, 
IRFF110R/111R/112R/113R 


IRFF120/121/122/123, 
IRFF120R/121R/122R/123R 


IRFF130/131/132/133, 
IRFF130R/131R/132R/133R 


IRFF210/21 1/212/213, 
IRFF210R/211R/212R/213R 


IRFF220/221/222/223, 
IRFF220R/221R/222R/223R 


IRFF230/23 1/232/233, 
IRFF230R/231R/232R/233R 


IRFF310/31 1/312/313, 
IRFF310R/311R/312R/313R 


IRFF 320/32 1/322/323, 
IRFF320R/321R/322R/323R 


IRFF330/331/332/333, 
IRFF330R/331R/332R/333R 


IRFF 420/42 1/422/423, 
IRFF420R/421R/422R/423R 


IRFF430/431/432/433, 
IRFF430R/431R/432R/433R 


IRFP140R, IRFP141R, 
IRFP142R, IRFP143R 


IRFP150/151/152/153, 
IRFP150R/151R/152R/153R 


IRFP240R, IRFP241R, 
IRFP242R, IRFP243R 


IRFP244, IRFP245, 
IRFP246, IRFP247 


IRFP250/25 1/252/253, 
IRFP250R/251R/252R/253R 


IRFP254, IRFP255, 
IRFP256, IRFP257 


IRFP340R, IRFP341R, 
IRFP342R, IRFP343R 


IRFP350/35 1/352/353, 
IRFP350R/351R/352R/353R 


IRFP360, IRFP362 


* R Suffix Types Only 


N-Channel Power MOSFETs Avalanche Energy Rated*................... 


N-Channel Enhancement-Mode Power Field-Effect Transistors............. 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated” .................. 


N-Channel Power MOSFETs Avalanche Energy Rated” .................. 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated 


N-Channel Power MOSFETs Avalanche Energy Rated 


ove ere ee ee © eo we we we ee ew 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated 


N-Channel Power MOSFETs Avalanche Energy Rated 


N-Channel Power MOSFETs Avalanche Energy Rated*.................. 


N-Channel Power MOSFETs Avalanche Energy Rated 
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N-CHANNEL POWER MOSFETS continueq) 


PAGE 
IRFP440R, IRFP441R, N-Channel Power MOSFETs Avalanche Energy Rated................... 4-523 
IRFP442R, IRFP443R 
IRFP450/45 1/452/453, N-Channel Power MOSFETs Avalanche Energy Rated*.................. 4-528 
IRFP450R/451R/452R/453R 
IRFP460, IRFP462 N-Channel Power MOSFETs Avalanche Energy Rated................... 4-533 
IRFPC40R, IRFPC42R N-Channel Power MOSFETs Avalanche Energy Rated................... 4-538 
IRFPG40, IRFPG42 High Voltage N-Channel Enhancement-Mode Power 
FiIGig-CreGt ITANSISIOMS ono sc cia c cow euw stew eewae ceed be daeeedwawe wean 4-544 
IRFR110, IRFU110 N-Channel Power MOSFETs Avalanche Energy Rated................... 4-549 
IRFR120, IRFR121, N-Channel Power MOSFETs Avalanche Energy Rated................... 4-555 
IRFU120, IRFU121 
IRFR214, IRFU214 N-Channel Power MOSFETs Avalanche Energy Rated................... 4-560 
IRFR220/22 1/222, N-Channel Power MOSFETs Avalanche Energy Rated................... 4-565 
IRFU220/221/222 
IRFR320/32 1/322, N-Channel Power MOSFETs Avalanche Energy Rated................... 4-570 
IRFU320/32 1/322 
IRFR410, IRFU410 1.5A, 500V Avalanche Energy Rated N-Channel Enhancement Mode 2 
PW Crete a oc eee de ane oto waded we wwe bbe eee ee ee ewREE BEKO 4-575 = “i 
IRFR420/42 1/422, N-Channel Power MOSFETs Avalanche Energy Rated................... 4-580 y rs 
IRFU420/421/422 <5 
RFL1NO8, RFL1N10 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-585 © z= 
RFLIN12, RFL1N15 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-589 a 3 
RFL1N18, RFL1N20 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-593 o. 
RFL2N05, RFL2NO06 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-597 
RFP2NO08, RFP2N10 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-601 
RFP2N12, RFP2N15 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-605 
RFP2N18, RFP2N20 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-609 
RFM3N45, RFM3N50, N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-613 
RFP3N45, RFP3N50 
RFP4N05, RFP4N06 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-617 
RFL4N12, RFL4N15 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-621 
RFM4N35, RFM4N40, N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-625 
RFP4N35, RFP4N40 
RFP4N100 High Voltage N-Channel Enhancement-Mode Power 
Pig-EeGt (ISSO 6 bcs oc een ce ee de 40008 es Ed ee hae TOMER SCKH SS EROS 4-629 
RFM6N45, RFM6N50, N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-633 
RFP6N45, RFP6N50 
RFM7N35, RFM7N40, N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-637 
RFP7N35, RFP7N40 
RFM10N12, RFM10N15, N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-641 
RFP10N12, RFP10N15 
RFH10N45, RFH10N50 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-645 
RFM10N45, RFM10N50 N-Channel Enhancement-Mode Power Field-Effect Transistors............. 4-649 
RFD3055, RFD3055SM, 12A, 60V, Avalanche Rated, N-Channel Enhancement-Mode 
RFP3055 Power MOSFETS (MGQBFENS). ccacccacdesanteevtscwmennn buts venwans 4-653 
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RFM12N08, RFM12N10, 
RFP12N08, RFP12N10 


RFM12N18, RFM12N20, 
RFP12N18, RFP12N20 


RFH12N35, RFH12N40 
RFM12N35, RFM12N40 


RFD14N05, RFD14NO5SM, 


RFP14N05 


RFM15NO05, RFM15N06, 
RFP15N05, RFP15NO06 


RFM15N12, RFM15N15, 
RFP15N12, RFP15N15 


RFD16N05, RFD16NO5SM 


RFM18N08, RFM18N10, 
RFP18N08, RFP18N10 


RFP22N10 
RFP25N05 


RFH25N18, RFH25N20 
RFK25N18, RFK25N20 
RFH30N12, RFH30N15 
RFK30N12, RFK30N15 
RFH35N08, RFH35N10 
RFK35N08, RFK35N10 
RFG40N10, RFP40N10 


RFG45NO06, RFP45NO06 


RFH45NO05, RFH45NO06 
RFK45N05, RFK45N06 
RFPSONO5, RFGSONOS 


RFGSONO6, RFP50NO6 
RFP70NO3 


RFG7ONO6, RFP70NO6 


RFG75NO5E, RFH75NO5E 


RFA100NO5E 


N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 


N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 


N-Channel Enhancement-Mode Power Field-Effect Transistors 


ROGET ENG! <a 860s ce0ed 28S ORE CEES ESSE E 8 ESS Ose hE dee ens 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 


N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 


N-Channel Enhancement-Mode Power Field-Effect Transistors 
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N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 


N-Channel Enhancement-Mode Power Field-Effect Transistor 


(WOUEP ext axee o660R cee eneSennda wen een es £48 00098 84 eee ew, 


N-Channel Enhancement-Mode Power Field-Effect Transistor 


(ie lt re re ee se ee 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 


N-Channel Enhancement-Mode Power Field-Effect Transistors 


RSG) occ nb8 Kobe Gcs We Nee Rkd SHORE GS GEE OTK EO EdG EOE OOS 


45A, 60V, Avalanche Rated N-Channel Enhancement-Mode Power 


MSOF ele (MOUOF EIS) sen ceaxeeee deta seks ewwnbsw eases nachna’ 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 


N-Channel Enhancement-Mode Power Field-Effect Transistors 


PROOF Fal nara cesses tabeeukah cob eike 34 eke 600005600081 


50A, 60V, Avalanche Rated N-Channel Enhancement-Mode Power 


Jor el SC CGr EIS) £6526 eiculte anne ne sd aseud nee atewn nan en dues 


70A, 30V, Avalanche Rated N-Channel Enhancement-Mode Power 


RACE! (CORFE) a s2+06 50) 0499065 2064054 ER eR E28 Sones ORes 
N-Channel Enhancement-Mode Power Field-Effect Transistors.......... 


N-Channel Enhancement-Mode Power Field-Effect Transistors 


GOOFS) wcccen beta veenuedd p.bo8Se hed e User xe 44 2edeunEseeans 


N-Channel Enhancement-Mode Power Field-Effect Transistor 
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i HARRIS 


August 1991 


Features 

© 12A and 14A, 60V - 100V 

* (DS(on) = 0.182 and 0.250 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6755 and 2N6756 are n-channel enhancement-mode 
silicon-gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 


These types are supplied in the JEDEC TO-204AA steel package. 


2N6755 
2N6756 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
TO-204AA 
BOTTOM VIEW 


DRAIN 
4 (FLANGE) 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


D 


N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


Drain-Source Voltage 
Drain-Gate Voltage (Rgs = 20k) 
Continuous Drain Current 


To = +1009C 
Pulsed Drain Current 
Gate-Source Voltage 
Maximum Power Dissipation 
To = +259C (See Fig. 11) 
To = +1009C (See Fig. 11) 
Linear Derating Factor (See Fig. 11) 
Inductive Current, Clamped 
(See Figures 1 and 2, L = 100uH) 
Operating and Storage Junction Temperature Range 
Maximum Lead Temperature for Soldering 
(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


2N6755 2N6756 UNITS 
100* 
100* 


14* 
9.0* 


-55 to +150* -§5 to +150” 
300* 30°* 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 586 1 


Copyright © Harris Corporation 1991 
4-7 


Specifications 2N6755, 2N6756 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


BVoss Orain — Source Breakdown Voltage | 2N6755 


2N6756 


VGSith) Gate Threshold Voltage 


lgsse Gate — Body Leakage Forward 
'GSSR 


ALL 

ALL 

ALL 

loss Zero Gate Voltage Drain Current ‘es 
Vosion) — Drain-Source On-State 2N6755 
one 2N6756 


Gate — Body Leakage Reverse 


Rosion) Static Orain-Source On-State 
Resistance 


6756 
[ay Femara Faneontvctnee GALE] 
Eig aur Cmacines YAY 
ec 
[Gig Reve Wart Caasanea [ALL 
sion) Twn Dey Tne | ALL | 


\, Rise Time 
tg (otf) Turn-Off Delay Time 


ty Fall Time 


LL 
LL 
LL 
LL 
LL 
ALL 
ALL 
ALL 
ALL 


Rincs __Case-to-Sink 


RingA _-Junction-to-Ambient 


Continuous Source Current 
(Body Diode) 


Pulsed Source Current 
(Body Diode) 


Ta Rene Recor Tine ALL <— 


C) Pulse Test) Pulse Width < 300 usec, Duty Cycle < 2% 


Yer 
Or Reverse Recovered Charge 


*JEDEC registered values. 


VARY ty TO OBTAIN 
REQUIRED PEAK 1, 


DUT 
Ves = 20V 'y 


ue 


Ip. ORAIN CURRENT (AMPERES) 


Vos. ORAIN-TO SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Output Characteristics 


raness | 


eee feet 

O a 
Eu 
<u 
as 
= 
a 
| = | 
as 


E; = 0.58Vos5 
Vc = 0.75BVpss 
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—avarnter dtp [Min | tv] Max] Unie | 
aes 


Test Conditions 


[v5 Ves. io 1A 


Ip, ORAIN CURRENT (AMPERES) 


S (U) 


= [ver [ew] 
For] - | >C“W | Mounting surface flat, smooth, and greased. 
| 30 | °C/W | Free Air Operation 


Vos = 20V 


Vesey 
Vos = Max. Rating, Vo6s =0 

[Wos = Wax Rating. Veg "0 Ten 125°C | 
v [Wes Vip 


V | Vgg = 10V, Ip = 14A 
Vos = 10V,!p = BA 
Vos = 10V, lp = 9A 


Vgs = 10V, Ip - 8A, Te = 125°C 


2 Vgs * 10V, Ip = 9A, Te = 125°C 


Vos = 15V, lp =-9A 


Vas = 0. Vpg = 25V, f = 1.0 MHz 
See Fig. 10 


Vopo ae 36V, Ip = 9A, 20 = 152 
(See Figs. 13 and 14) 


(MOSFET switching times are essentially 


independent of operating temperature.) 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 


Te = 25°C, Ig = 12A, VGsg = 0 
Te - 25°C, 15 - 14A,Vgsg 0 


s Ty = 150°C, Ie = long, dig/dt = 100 A/us 


n 
Ty = 180°C, If = Ig, dig /dt = 100 A/us 


20 


60 us PULSE TEST 
Vos = 15V 


yi | | | 
ce 
id 
ae 
“=e 


a 

am 
Be ey//4an 
paw / 

Yi il tt 


0 2 4 6 8 10 
Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Zea 


Fig. 4 — Typical Transfer Characteristics 


2N6755, 2N6756 


80 us PULSE TEST 


BN CGEEEE 


Ip, ORAIN CURRENT (AMPERES) 


n” 
(vy 
x 
ad 
a 
= 
=< 
= 
2 
Ad 
c 
ec 
= 
oO 
2 
.-¢ 
x 
f=) 
i=) 


PT TREN 
~LY | tT TT NT 


INN 


Van 


Vos. DRAIN. TO-SOURCE VOLTAGE (VOLTS) 


Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 6— Typical Saturation Characteristic 
Fig. 5— Typical Saturation Characteristics . - (2N6756) cas 


(2N6755) 


Ip, ORAIN CURRENT (AMPERES) 


| el 4 
ae 
pA} fe — 
i 
i 


Ofs. TRANSCONDUCTANCE (SIEMENS) 


” 
tu 
ie 
-» WY) 
=O 
{= 
Lo 
35 
za 

re) 
oO. 


T= 150°C MAX. 


F SINGLE PULSE 
= 
: 
0 


Vps = 15V 
+ 


+ 
80 us PULSE TEST 


Si@eer 
rot 


10 20 50 100 200 
Ip, ORAIN CURRENT (AMPERES) Vos. ORAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 7 — Typical Transconductance Vs. Drain Current Fig. 8 — Maximum Safe Operating Area 


2000 
22 

w 
9 1600 
< 
a 18--+- 
” 
ws 
2 7 
2 ¢ 

3S = 1200 
BS 14 : 

ad 
>= re 
33 E 
“ 4 
es | SS 
a | < 800 
= oO 
ec 
[=] 
= 
8 
wn 
2B os 400 

0.2 
-40 0 a0 80 120 160 0 
T), JUNCTION TEMPERATURE (°C) Vps. DRAIN TO SOURCE VOLTAGE (VOLTS) 
Fig.9 —Normalized Typical On-Resistance Vs. Temperature Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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2N6755, 2N6756 


Pp. POWER DISSIPATION (WATTS) 


i 
i 
i 
- 
i 
- 
g 
\ 


e 


FA 


Tc, CASE TEMPERATURE (°C) 
Fig. 11 — Power Vs. Temperature Derating Curve 


Vop = 36V 
42 
PRF = 1 kHz Vo 
tp= lus TO SCOPE 
r----- 
| 
| 
| 
| 
ae 


Fig. 13 — Switching Time Test Circuit 
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Is, SOURCE CURRENT (AMPERES) 


Fig. 12 — Typical Body-Drain Diode Forward Voltage 


VGS (on) 
INPUT, Vj 


VGS (off) 


VS (off) 


VDS (on) 


Vsgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


INPUT PULSE 


90% 


io = toft ‘ 


Fig. 14 — Switching Time Waveforms 


INPUT PULSE 


RISE TIME : FALL TIME 
'd (on) td (off) 
> ty—>| 
OUTPUT, Vo 
90% 


10% 


a? HARRIS 2N6757 
2N6758 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-204AA 
e 8A and 9A, 150V - 200V BOTTOM VIEW 
* (DS(on) = 9.42 and 0.62 
e SOA is Power-Dissipation Limited SOURCE J anaes 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
® High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6757 and 2N6758 are n-channel enhancement-mode | Termina/ Diagram 
silicon-gate power field-effect transistors designed for applications 


such as switching regulators, switching converters, motor drivers, N-CHANNEL ENHANCEMENT MODE a 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. These D oT Li. 
types can be operated directly from integrated circuits. = 8 
These types are supplied in the JEDEC TO-204AA steel package. = = 
G 2% 
= 
Oo 
Q. 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6757 2N6758 UNITS 
Ce SOUIGe VONAG cacccedcaw teens cennes tented eeresaewoe senses Vos 150* 200* V 
Drain=2ale Voltage (AGS = 20K Ts cccscagccce sxsw naeas naw ne oun es VDGR 150* 200* V 
Continuous Drain Current 
TETAS cavca niaus nesses saves see nkberangtenandpeserwee beaks Ip 8.0* 9.0* A 
TEP MIONS 5 cre cecunacendekenicnaiwmeeedvenutdncanadanneiews ob Ip 5.0* 6.0* A 
Pulsed Drain Current ...0 ccscccns es c0e hee we ana tescnd cen se eee nee KK « IDM 12 15 A 
Gate-Source VONAGG: sé cv icc isccewatnvacecasesccneeasccens nee ese Ves +20 +20 V 
Maximum Power Dissipation 
Tes PSC (S66 Figure 10) avck cer cad de ccepadenenketedon nan bes wh Pp re to" W 
TG = +1009G (See Figure 11) .2s00 ccsasccsecessscassaean wes ans os Pp 30* 30* W 
Linear Derdaiing Factor (See FIQurea 11) .2. vecseness sacsonedenneeseesous 0.6* 0.6* W/9C 
OUCIIVS CUSTEM, GININGS is rakes cea uns 002 ceded catwe tases wed ede’ ILM 12 15 A 
(See Figures 1 and 2, L = 100uH) 
Operating and Storage Junction Temperature Range............ Ty, IstG -55 to +150* -55 to +150* oC 
Maximum Lead Temperature for Soldering ..........0cce eee eee ee eee ee TL 300* 300* oC 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1587.1 
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Specifications 2N6757, 2N6758 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 
[ Typ. [ Max. [ Units [Test Conditions 
Vv Vos = Ves. 'p=1mA 
Vgs = 20V 
[Vos = Mex Rain Ves=0 


ae 

Lae 

a 

Late 

| mA | Vpg = Max. Rating, Vgs = 0, Te = 125°C 

Pa [ves io SA 
dina 
a 
Lod 


1GSSF Gate — Body Leakage Forward 


'Gssr Gate — Body Leakage Reverse 


[ Min. | 
| 150, | 
| 200 | 
eee ee 
ee |= 

| = | 

zt 

ae 

Vosi(on) Static Drain-Source On-State | 2Ne757 | - | 

es | 2nevss | — | 

== 

Lr 

Ls 

| 350° | 

| 100° | 


Rps(on) Static Drain-Source On-State 2N6757 
Resistance @ 


2N6758 

2N6758 

[aq Faward Tamera [ALL | 
EE 

L 


Vgg = 10V, Ip = 6A 


V6s = 10V, Ip = 5A, Te = 125°C 
VGs = 10V, Ip = 6A, Te = 125°C 
Vps = 15V, Ip = 6A 


VGs =0, Vos = 25V, f = 1.0 MHz 
See Fig. 10 


oe) 
en 
= 
— 
ie 
on 
= 
=r 
oa 
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Criss Reverse Transfer Capacitance | ALL | 4o* [| 80 | 150° | pF | 
'd (on) ee ee 2 


r 
Piston Tomar Omer tine [ae | Po [| 
Ca are ee ee ee 


Thermal Resistance 


Rincs _—Case-to-Sink ib Mounting surface flat, smooth, and greased. 


Rinya —_ Junction-to-Ambient aa ea / Free Air Operation 


Turn-On Delay Time 


Vop =90V, Ip = 6A, Z5 = 150 
(See Figs. 13 and 14) 


(MOSFET switching times are essentially 


independent of operating temperature.) 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 


Continuous Source Current 
(Body Diode) 


4 eed 
| = | = | 90° | 
Ism Pulsed Source Current 2N6757 pF - | - | 
(Body Diode) Panera | — | — | 

Vso Diode Forward Vatoae (5) 
ranerse [000 | | 


ter Reverse Recovery Time ALL 


*JEDEC registered values. (1) Pulse Test: Pulse Width < 300 usec, Duty Cycle < 2% 


VARY ty TO OBTAIN 
REQUIRED PEAK |, 


a DUT 


Ves = 20V J-—'p 


E, =0.5BVoss 
Ve = 0.75BVpss 


I 


80 us PULSE TEST 


16 
z cd 
w c< 
a. w 
= = 
=< 12 < 
z < 
a & 
c w 
= 3 
=] 
oO 8 i 
= 2 
S Z 
5 i=) 
s p+} jf tt yt} 4 - 
TT TTT Ty 
$$$ $$ ———- + 
0 20 40 60 80 100 0 1 2 3 4 5 6 ? 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 — Typical Output Characteristics Fig. 4 — Typical Transfer Characteristics 
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2N6757, 2N6758 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 5— Typical Saturation Characteristics Fig. 6— Typical Saturation Characteristics 
(2N6757) (2N6758) 


averse |} | TT 


et ESTE i : =m 
=e art SENET 
ee Sane aie 
Pt tt tT tT ETT eo 
8 = Me a f= 
a o oe en oe 
= oF a 
= wv 100 a 
et | ft ff | we : = ha 
wg a os ee . Sue al +a 
{| | Ee — : a 
LE | Ss ee ee os iat a = re) 
apace se : z 
8 4 oF ae <<, | | = N z q = 
205242 e08ER : = & 
< OAP« A EN om QO wi 
Se s 23 
= th Ty = 150°C MAX. a ro) 
SINGLE PULSE » o. 
J a 
tT 
Fr 
0 2 4 6 8 10 5.0 10 20 100 200 500 
Ip, DRAIN CURRENT (AMPERES) Vs, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 7 — Typical Transconductance Vs. Drain Current Fig. 8 — Maximum Safe Operating Area 
[ee 
=) 
a 
<x 
% 
wn 
Ww -_ 
Cc a 
2 = 
Oo f=) w 
ww oO 
ON z 
Sz = 
ge Z 
oO 
ce 3 
a o 
c 
= 
5 
a 
a 
c 
-40 0 40 80 120 160 0 10 20 30 40 50 
Ty, JUNCTION TEMPERATURE (°C) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig.9 —Normalized Typical On-Resistance Vs. Temperature Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 


Pp, POWER DISSIPATION (WATTS) 


2N6757, 2N6758 


RELL 

TONE 

TONLE 
COENCEET 
TEEENCET 
TEETER 
CEES 
LT TTITis 


Tc, CASE TEMPERATURE (°C) 


Fig. 11 — Power Vs. Temperature Derating Curve 


Vop = 90V 
15.52 
PRF = 1 kHz Vo 
tps tus TO SCOPE 


Fig. 13 — Switching Time Test Circuit 
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Is, SOURCE CURRENT (AMPERES) 


Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 12 — Typical Body-Drain Diode Forward Voltage 


t 
p 
PULSE WIDTH 


VGS (on) — 
INPUT, V; 50% ° 
10% 
VGS (off) INPUT PULSE INPUT PULSE 
RISE TIME FALL TIME 


'd (on) td (off) 
y > t¢—>| 
DS (off) 10% 
OUTPUT, Vy inca = 
0 0 


VDS (on) 
be Lic 


Fig. 14 — Switching Time Waveforms 


i HARRIS 2N6759 
2N6760 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-204AA 
¢ 4.5A and 5.5A, 350V - 400V BOTTOM VIEW 
* 'DS(on) = 1-02 and 1.52 
‘ — ; — DRAIN 
¢ SOA is Power-Dissipation Limited SOURCE J (FLANGE) 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics A> 


© High Input Impedance 
GATE 


e Majority Carrier Device 
Description 


The 2N6759 and 2N6760 are n-channel enhancement-mode | Termina/ Diagram 
silicon-gate power field-effect transistors designed for applications 


such as switching regulators, switching converters, motor drivers, N-CHANNEL ENHANCEMENT MODE ~ 
relay drivers, and drivers for high-power bipolar switching 7 IT 
transistors requiring high speed and low gate-drive power. These D wy 
types can be operated directly from integrated circuits. = 3 
These types are supplied in the JEDEC TO-204AA steel package. = = 
25 
G z 
re) 
a 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
2N6759 2N6760 UNITS 
Didi SOUtGS VORISE cies sscc evn dad rooted nd siwneseawes danwsewees Vps 350* 400* V 
Drain~Gate Voltage (Res = 2OKD2). ccc ccd ce cestnenes ee eeweda bes VDGR 350* 400* V 
Continuous Drain Current 
TS FESS co cntpenv es ennssneeen neaseartenedes snake ere neenra ces Ip 4.5* 5.5° A 
TE STOCS enn vswtdctdeenedtesuununwetnd Game se OTe ROGen DestERs Ip 3.0* cS A 
Pulsed Drain Current « oc0sc vee nds ve ced ewes onteni ged ban sae Ke KnN ens IDM 7.0 8.0 A 
Gale-SOUrES VONAGE nics essi os oss an dense oeseeens Heh Reser RTees Ves +20 +20 V 
Maximum Power Dissipation 
Te wee G (See FIQUS 19) cca nscaaveienmanseas sd cae aaa reonecers Po 7a" 75° W 
Te FIGOSS (B66 FIGUIG TT). a avenscconesenens ea Wid Keeme nee nw's Pp 30* 30* W 
Linear Derating Factor (See Figure 11) cicciscesccscvacwssesastvsccaces 0.6* 0.6* W/°C 
WCUCIVE CUNENT, CIQNDSS csc ccdccwene gers anetnods neu pewenansres ILM 7.0 8.0 A 
(See Figures 1 and 2, L = 100u1H) 
Operating and Storage Junction Temperature Range............ Ti Tare -55 to +150* -55 to +150* °C 
Maximum Lead Temperature for Soldering ............ cece eee eee eeeee TL 300" 300* oC 
(0.063” (1.6mm) from case for 10s) 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 588.1 


Copyright © Harris Corporation 1991 
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Specifications 2N6759, 2N6760 


Electrical Characteristics @ Tc = 


BVpss__—Orain — Source Breakdown Voltage 


VGsith) Gate Threshold Voltage 


IGsse Gate — Body Leakage Forward 
'Gssr Gate — Body Leakage Reverse 
loss Zero Gate Voltage Drain Current 


VoSsion) Static °C Source On-State 
Voltage 


Rpsion) Static Drain- a On-State 
Resistance 


R Static Drain-Source On-State 
DS( 
wey Resistance Q) 


= (on) Turn-On Delay Time 


* (off) Turn-Off Delay Time 


Rihsc Junction-to-Case 
Rincs _-Case-to-Sink 


thjA Junction-to-Ambient 


a 
Body-Drain Diode Ratings and Characteristics 


| 2N6760 | 


icine ean — 


—- 
Qee Reverse Recovered Charge 


*JEDEC registered values. GQ) Pulse Test: Pulse Width < 300 usec, Duty Cycle < 2% 


VARY ty TO OBTAIN 
REQUIRED PEAK |, 


f DUT 
Ves = 20V y 


in 


T_T] wntustresr | 


on 


Coos 
| iy 


ccs he 
ee 


Ip. DRAIN CURRENT (AMPERES) 


0 50 100 150 200 im a 
Vos. ORAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Output Characteristics 


Is Continuous Source Current 2N6759 P - | - | 
ioaty: Cito? 1 i 
Ism Pulsed Source Current 2N6759 PF - | = | 
iBady Eipast 2N6760 a 
Vsp Diode Forward Voltage () 2N6759 


E, = 0.5BVpss 
Vc = 0.75BVoss5 


25°C (Unless Otherwise Specified) 


Test Conditions 


Vos = Vo6s. Ip =1mA 
Veg = 20V 


Vas = -20V 
Vos = Max. Rating, Vgs = 0 


Vos = Max. Rating, Vos =0, Tc = 125°C 
Veg = 10V, Ip = 4.5A 

Vgg = 10V, Ip = 5.5A 

Ves = 10V, Ip = 3A 

Vgs = 10V, Ip = 3A, Te = 125°C 


V6s =0, Vos = 25V,f = 1.0 MHz 
See Fig. 10 


Vop = 175V, Ip = 3.5A, Z, = 152 
(See Figs. 13 and 14) 
(MOSFET switching times are essentially 


independent of operating temperature.) 


Modified MOSFET symbol 9H 
showing the integral 1 
reverse P-N junction rectifier. | 
G ~ 
eee Ss 
To = 25°C, Ig = 4.5A, Vgg = 0 


To = 25°C, Ig = 5.5A, Vgg = 0 


Ty = 150°C, Ie = Iggy, dig /dt = 100 A/us 


ae 
fo - | os | Ty = 150°C, Ip = Iggy, dig/dt = 100 A/us 
| 


Ip, ORAIN CURRENT (AMPERES) 


Vgs, GATE TO-SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Typical Transfer Characteristics 


2N6759, 2N6760 


Ip. DRAIN CURRENT (AMPERES) 
tp, ORAIN CURRENT (AMPERES) 


Vos. ORAIN TO SOURCE VOLTAGE (VOLTS) Vos, ORAIN-TO- SOURCE VOLTAGE (VOLTS) 
Fig. 5— Typical Saturation Characteristics Fig. 6— Typical Saturation Characteristics 
(2N6759) (2N6760) 


a 
Sa 


Ty = 125°C 


Ip. DRAIN CURRENT (AMPERES) 


” 
mT 
wy 
= Y) 
2» O 
cz 
oo 
a 


afi 


| Ty 150°C MAX.) | 


| 


gts, TRANSCONDUCT ANCE (SIEMENS) 


+ + 


seen ee 
, SINGLE PULSE | 
| aon hae cia 
1 | | ; 
\ | 


10 20 50 100 200 500 


ig: DY GUN RENT ANP ENTS Vg: DRAIN TO SOURCE VOLTAGE (VOLTS) 
Fig. 7 — Typical Transconductance Vs. Drain Current Fig. 8 — Maximum Safe Operating Area 


“eee 
» ti 
Oo 
4 
< | | | 
ao 18 
e 1 | | < 
c ive 
z 2 
se ot | 3 
ON 14 z 
es < 
sz | | | : 
Ze x 
re 1 | | : 
=~ 109 o 
es ti : 
[<4 
[=] 
st iK 
w 
Oo 06 fn 
~ Lae To a aa 
ae re 
-40 0 40 80 120 160 0 10 20 30 40 50 
Ty, JUNCTION TEMPERATURE (°C) Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 9—Normalized Typical On-Resistance Vs. Temperature Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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2N6759, 2N6760 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (°C) 


Fig. 11 — Power Vs. Temperature Derating Curve 


Vop = 175V 
502 
PRF = 1 kHz Vo 
tp= lus TO SCOPE 
po ss nae 
| 
| 
| 
| 
Lay 


Fig. 13 — Switching Time Test Circuit 


Is, SOURCE CURRENT (AMPERES) 


0 1 
Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 12 — Typical Body-Drain Diode Forward Voltage 


'b 
PULSE WIDTH 
VGS (on) 
INPUT, Vj — 50% 
VGS (off) — INPUT PULSE — INPUT PULSE 
RISE TIME ommeeed 7K TIME 
'd (on) ae ‘d (off) | 
> = 


VDs (off) 
OUTPUT, V, 


VDS (on) 
ton ss | SS loff — 


Fig. 14 — Switching Time Waveforms 


10% 


it HARRIS 2N6761 
2N6762 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features Package 
¢ 4.0A, 5.5A and 450V - 500V sas 


° Rpsvon) = 0.80 


DRAIN 
SOA is Power-Dissipation Limited SOURCE Lo (FLANGE) 


Nanosecond Switching Speeds 
Linear Transfer Characteristics 
High Input Impedance 

Majority Carrier Device 


Description 


The 2N6761 and 2N6762 are n-channel enhancement-mode | Terminal Diagram 

silicon-gate power field-effect transistors designed for applications 

such as switching regulators, switching converters, motor drivers, N-CHANNEL ENHANCEMENT MODE 
relay drivers, and drivers for high-power bipolar switching 

transistors requiring high speed and low gate-drive power. These D 

types can be operated directly from integrated circuits. 


These types are supplied in the JEDEC TO-204AA steel package. 


” 
tu 
7 i 
= 
=O 
<= 
= 

G 
z 

re) 
oa 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


2N6761 2N6762 


Drain-Source Voltage 500* 
Drain-Gate Voltage (Rq@s = 20kN) 500* 
Continuous Drain Current 
é 5.5" 
To = +1009C ; 3.0" 
Pulsed Drain Current : 7.0 
Gate-Source Voltage +20 
Maximum Power Dissipation 
To = +25°9C (See Figure 11) T5* 
To = +100°9C (See Figure 11) 30* 
Linear Derating Factor (See Figure 11) : 0.6* 
Inductive Current, Clamped é 7.0 
(See Figures 1 and 2, L = 100uH) 
Operating and Storage Junction Temperature Range -55 to +150* -55 to +150* 
Maximum Lead Temperature for Soldering 300* 300* 
(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 589 1 
Copyright © Harris Corporation 1991 
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Specifications 2N6761, 2N6762 


Electrical Characteristics —— Tc = 25°C (Unless Otherwise Specified) 
CT 


BVoss_—ODrrain — ia pag et Breakdown Voltage | 2N6761 | 450 | - | 
2N6762 


IGsse Gate — Body Leakage Forward 


|_| 

Ae | ae 

nae 

IGssr Gate — Body Leakage Reverse “a 
oS 

ae 

— 

= 


< 


Vos = 10V,!p = 2.5A 
VG6s = 10V, Ip = 3.0A 
VG6s = 10V, Ip — 2.5A, Te = 125°C 


loss Zero Gate Voltage Drain Current 


Vosion) icles oh -Source On-State 
© 2N6762 
Rosion) Static Drain-Source On-State 2N6761 = 4 15 
Resistance @) es 
esistance SNeies 


aera 

Cig tout Captanes YALL 

[Coxe Ovni Cpacionee ALL 

[Eg __Pevee Tmt Cnneanee [ACC aa 
ae 
a 
a 


2 VGs = 10V, Ip = 3.0A, Tc = 125°C 


S (U) Vos = 16V, Ip = 3A 


Vos =0, Vos = 25V, f = 1.0 MHz 
See Fig. 10 


anh 
* 
wo 
oO 


Vop = 225V, Te) = 3A, Zo = 152 
(See Figs. 13 and 14) 
(MOSFET switching times are essentially 


independent of operating temperature.) 


[Rinse Wwretiontotae ST AEST <[ ~ [verfowl C~—S 

ee ee 
[Ransa_dunetionsorAmbiont [ALL Free Air Operation 

ae ee Diode Ratings and era 


Is Continuous Source Current [| 2ne761 | - | - | 40° | 
(Body Diode) | 2ne762 | - | - | 45° | 


showing the integral 
reverse P-N junction rectifier. =f 
Pulsed Source Current 2n6761 | —- | - | 60 | alta 
(Body Diode) 2neve2 | — | | 7.0 | s 
Sp Diode Forward Vote Gy | aneve! | ogee | — | 135 | Vv | To=28°C.Ig= 4A Vag 0 
Qrar Reverse Recovered Charge | ALL [| = | We] = | uC Ty = 150°C, Ig = Igng, dig/dt = 100 A/us 


* JEDEC registered values. Q) Pulse Test: Pulse Width < 300 usec, Duty Cycle < 2% 


Modified MOSFET symbol 


VARY ty TO OBTAIN 
REQUIRED PEAK 1, 


So 


Vs = 20V —'p 


E, = 0.5BVpss 
Vc = 0.75BVpss 


Fig. 1 — Clamped Inductive Test Circuit 


| Sse 


scene 
SRSEEEESEEE 


Ip, URAIN CURRENT (AMPERES) 
w 
Ip. DRAIN CURRENT (AMPERES) 


0 100 200 300 
TET R TA VOLT 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Ee eer ee sen Cee ae 
Fig. 3 — Typical Output Characteristics Fig. 4 — Typical Transfer Characteristics 
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2N6761, 2N6762 


& 2 
E z 
2 2 
< = 
a =] 
S 2 
Vps, DRAIN.TO SOURCE VOLTAGE (VOLTS) Vis, DRAIN TO SOURCE VOLTAGE (VOLTS) 
Fig. 5— Typical Saturation Characteristics Fig. 6— Typical Saturation Characteristics 
(2N6761) (2N6762) 


” 
th 
| Ue 
=” 
=O 
c= 
me 

O ti 
2 = 
oO 
a 


lp, ORAIN CURRENT (AMPERES) 


gts. TRANSCONDUCTANCE (SIEMENS) 


10 20 50 100 200 500 
Ip, ORAIN CURRENT (AMPERES) Vig, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 7 — Typical Transconductance Vs. Drain Current Fig. 8 — Maximum Safe Operating Area 


C, CAPACITANCE (pF) 


Rosion) DRAIN-TO SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig.9 —Normalized Typical On-Resistance Vs. Temperature Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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Pp. POWER DISSIPATION (WATTS) 


2N6761, 2N6762 


[ ifeme 
po 


Is, SOURCE CURRENT (AMPERES) 


v 1 
Vsp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
0 20.40 60 80 ©6100 120140 ; . os : 
Tc, CASE TEMPERATURE (°C) Fig. 12 — Typical Body-Drain Diode Forward Voltage 


Fig. 11 — Power Vs. Temperature Derating Curve 


t 
p 
Vup = 225V PULSE WIDTH 


VGS (on) 
752 INPUT, V; 


PRF = 1 kHz Vo 10% 
tp = Tus TO SCOPE VGs (off) INPUT PULSE INPUT PULSE 
r----- RISE TIME FALL TIME 
| 'd (on) E 'd (off) 
t t 

| VDs (off) - sie yo 
| OUTPUT, Vy 
| 20V 90% 90% 

ate VDS (on) 

= — = ten —| Letye 
Fig. 13 — Switching Time Test Circuit Fig. 14 — Switching Time Waveforms 
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i HARRIS 2N6763 
2N6764 


N-Channel Enhancement-Mode 


August 1991 Power MOS Field-Effect Transistors 
Features Package 
TO-204AE 
© 31A and 38A, 60V - 100V BOTTOM VIEW 
® 'DS(on) = 0.089 and 0.05520 
: oa ; a SOURCE DRAIN 
e SOA is Power-Dissipation Limited i (FLANGE) 
® Nanosecond Switching Speeds 
e Linear Transfer Characteristics 4 
® High Input Impedance 
GATE 


e Majority Carrier Device 


Description 


The 2N6763 and 2N6764 are n-channel enhancement-mode Terminal Diagram 
silicon-gate power MOS field-effect transistors designed for 


applications such as switching regulators, switching converters, N-CHANNEL ENHANCEMENT MODE a 
motor drivers, relay drivers, and drivers for high-power bipolar FF 
switching transistors requiring high speed and low gate-drive power. ) 1 Te 
These types can be operated directly from integrated circuits. = rs 
These types are supplied in the JEDEC TO-204AE steel package. < = 
G =e 
= 
Oo 
QO. 
S 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
2N6763 2N6764 UNITS 
DOralni-Souree VONSGGS osc ciiscaees sense ee neeweswen se knaie ewes news Vpbs 60* 100* V 
Drain~Gate Voltage (Rae = 20K22)... cc sccsvecsvacencianns wawnes VDGR 60* 100* V 
Continuous Drain Current 
Lis tose au “OUR T EPC TERETE LE LTO L RCE TL Te eee ee ee Ip 31 38 A 
TTI ocvok nomad dade nmetenenedsecawesenwe sae esanesaae nes Ip 20 24 A 
Pulsed Dial Current «06 wos s0cenc kas cadneeeseeeenens nee Es hes eee ee IDM 60 70 A 
SatS-SOUGR VONAGE cosadnncnew see deneases news een cnn en ees nnaen Ves +20" +20" V 
Maximum Power Dissipation 
TGS F2S"6 (be Flgte 17) nda csc ecenvedcccans wage nsd peakeneeanes Pp TSO" 150* WwW 
Te FTOONC (S68 Figure 1 ie oss ect wiwsenns ove Gs Wee eee peaqweass Po 60* 60* W 
Linear Derating Factor (See Figure 11) .......cccccccccccacccscvccseens 1.2 12 W/9C 
Inductive Current, CIAIMNPG” iss ce sins cease seneee Keene bes nes 08 oH ws ILM 60 70 A 
(See Figures 1 and 2, L= 100uH) 
Operating and Storage Junction Temperature Range............ Ty, STG -55 to +150* -55 to +150* oC 
Maximum Lead Temperature for Soldering ...........cce cece ee ee ee eee TL 300* 300* id © 
(0.063” (1.6mm) from case for 10s) 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 590.1 


Copyright © Harris Corporation 1991 
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Specifications 2N6763, 2N6764 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless Otherwise Specified) 
eo ee 


BVoss Drain — Source Breakdown Voltage | 2N6763 
| 2N6764 


VGsith) Gate Threshold Voltage ALL 


lGssr Gate — Body Leakage Forward 


< 
3 


l6sspR Gate — Body Leakage Reverse 
loss Zero Gate Voltage Drain Current Vos = Max. Rating, Vgg = 0 
Ving = Max. Rating, Vac = 0, Te = 125°C 
DS ‘“YGS" tC 


VpS(on) Static Drain-Source On-State Ves = 10V Ip =31A 


Voltage ies = 
© Vos= 10V, Ip = 38A 


Rpsi(on) Static Drain-Source On-State } Vo6s = 10V, Ip = 20A 
Resistance (1) 


Ves = 10V, To) = 24A 
R Static Drain-Source On-State Vac = 10V, Ip = 20A, Te = 125°C 
DS(on) Resistance ) Ss 2 = 
Vgs = 10V, Ip = 24A, Tc = 125°C 


9 Forward Transconductance (1) Vos = 15V, Ip = 244 


Cis Input Capacitance 
VGs =0, Vos = 25V,f = 1.0 MHz 


See Fig. 10 


Output Capacitance 
Reverse Transfer Capacitance 
Turn-On Delay Time Vop = 24V, Ip = 24A, Z, = 4.72 
Rise Time (See Figs. 13 and 14) 
ta (off) Turn-Off Delay Time (MOSFET switching times are essentially 


ty Fall Time independent of operating temperature.) 


THERMAL RESISTANCE 


Rihuc —— Junction-to-Case 
Rincs Case-to-Sink Mounting surface flat, smooth, and greased. 


Junction-to-Ambient Free Air Operation 


Continuous Source Current Modified MOSF ET symbol 
(Body Diode) showing the integral 

reverse P-N junction rectifier. 
Pulsed Source Current G 
(Body Diode) 


Diode Forward Voltage GQ) 


Reverse Recovery Time 


Reverse Recovered Charge 


* JEDEC registered values. Q) Pulse Test: Pulse Width < 300 usec, Duty Cycle < 2% 


VARY tp TO OBTAIN 
REQUIRED PEAK |, 


E, =0.5BVpss 


os =20V i, Ve = 0.75BVpss 


Fig. 1 - Clamped inductive test circuit. Fig. 2 - Clamped inductive waveforms. 
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Fig. 5- 


Fig. 7 - Typical transconductance vs. drain current. 


2N6763, 2N6764 


80 us PULSE TEST ey 


Ip, ORAIN CURRENT (AMPERES) 


i Rees 


Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical output characteristics. 


TTT Tak 
aan? 

oan) /4nn8e8 
CC eee 
fn) (nee 


_ 
a 


Ip, DRAIN CURRENT (AMPERES) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Typical saturation characteristics for the 2N6763. 


Gfs. TRANSCONDUCTANCE (SIEMENS) 


0 10 20 30 40 50 
Ip, DRAIN CURRENT (AMPERES) 
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Ip, DRAIN CURRENT (AMPERES) 


/ 


i 


Ip, DRAIN CURRENT (AMPERES) 


Law 
eeall 
/ 
Fi 
ff 
is 
Z- 
Lad 
La 
Ld 
= 
a 


Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 4 - Typical transfer characteristics. 


16 


Ip, DRAIN CURRENT (AMPERES) 


Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 6 - Typical saturation characteristics for the 2N6764. 
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Fig. 9 - Typical normalized on-resistance vs. temperature. 
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Fig. 11 - Power vs. temperature derating curve. 
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Fig. 13 - Switching time test circuit. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 12 - Typical body-drain diode forward voltage. 
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Fig. 14 - Switching time waveforms. 


iat HARRIS 2N6765 
2N6766 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-204AE 
e 25A and 30A, 150V - 200V pr atciaeeere 
* rDS(on) = 0-085 and 0.122 
DRAIN 


e SOA is Power-Dissipation Limited SOURCE 


J (FLANGE) 
¢ Nanosecond Switching Speeds 


e Linear Transfer Characteristics 
e High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6765 and 2N6766 are n-channel enhancement-mode | Termina/ Diagram 
silicon-gate power field-effect transistors designed for applications 


such as switching regulators, switching converters, motor drivers, N-CHANNEL ENHANCEMENT MODE ” 
relay drivers, and drivers for high-power bipolar switching = r 
transistors requiring high speed and low gate-drive power. These D TT rr} 
types can be operated directly from integrated circuits. = = 
se < 
These types are supplied in the JEDEC TO-204AE steel package. 5 a 
Lu 
G zs 
Oo 
QO. 
Ss 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
2N6765 2N6766 UNITS 
Drain-Souree Voliage soso cases cca cv ves sds swt eedseusene eseaun ees Vos 150" 200* V 
Draln-Gate Voltage (AGS = 20K). 00 vac ces cer canes scenes seeeeenes VDGR 150* 200* V 
Continuous Drain Current 
TO ASOD osacves ons ces mesceancdeahdows aes oeaaicesin awe rhicen Ip 25* 30* A 
TO Pe ni env asecesde ibe ne rie ces fas. obser enesseaeeng team Ip 16* 19* A 
Pulled Ole GUO a5 504 sax Kase tue Oak end ewe sien eed dawepaeeeede v2 IDM 50 60 A 
AUCH SOUIOe VONAIS. 6600 nna oe 00955 400 Owe Koes ede RER Re CONNER Os Vas +20 +20 V 
Maximum Power Dissipation 
Te = 425°C (See Figure 11) «ccc sccnc sae testersncceseiinawssen sas Pp 150* 150* WwW 
Te = SIGOPS S66 Fig 17) owes er ned and esatar bar esberacnaneas Pp 60* 60* WwW 
Linear Derating Factor (See Figure 11) ........ ccc eee eee ee eee eens 1.2* de W/°C 
inductive Current, Clamped ss sos cs cncen cee can tee nes eee wewes saw anes ILM 50 60 A 
(See Figures 1 and 2, L = 100uH) 
Operating and Storage Junction Temperature Range............ L, [sve -55 to +150* -55 to +1150" oC 
Maximum Lead Temperature for Soldering .......... cc cee eee eee eens Th 300* 300* °C 
(0.063” (1.6mm) from case for 10s) 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. File Number | 591 1 
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Specifications 2N6765, 2N6766 


Electrical Characteristics @ Tc = 25°C (Unless Otherside Specified) 
Units 


| Max. | 
a 
pao 
ol ME. 

—s <a 

om 

cal 

= 


Pe "A 
hice 
= 
Pansres |= 
| 2neves | - 
2n6766 | — | 
| 2N6765 | 


Rpsion) Static Drain-Source On-State 2N6765 Ves = 10V, Ip = 168 


Vgs = 10V, Ip = 19A 
Vas = 10V, Ip = 16A, Te = 125°C 


| 0.153*| 2 | Vgg = 10V, Ip = 19A, Tc = 125°C 


Vos = 15V, Ip = 194 


Resistance QQ) 


R Static Drain-Source On-State 2N6765 
DS(on) Resistance Q) 


95 Forward Transconductance Q) 
Cis, Input Capacitance 
Crss 


2N6766 


Hl 
S 
* 


ALL 
a Vv 25V, f = 1.0 MH 
= O, V = - = J rd 
ALL GS DS 
See Fig. 10 
ALL 


Coss Output Capacitance 
Reverse Transfer Capacitance 


ta (on) Turn-On Delay Time ALL Vop = 95vV, Ip = 19A, ae = 4.72 
t Rise Time ALL (See Figs. 13 and 14) 
ta (off) Turn-Off Delay Time ALL (MOSFET switching times are essentially 


ALL 


tt Fall Time 


Thermal Resistance 
Reh JC Junction-to-Case ALL 
Rincs Case-to-Sink ALL 


Rih JA Junction-to-Ambient 


independent of operating temperature.) 


| = | = | 983° | *cw 
| = | ta | Mounting surface flat, smooth, and greased. 


Typical socket mount 


> 
- 
r 


Is Continuous Source Current nee oe ET ane 

(Body Diode) showing the integra 

reverse P-N junction rectifier. 

Ism Pulsed Source Current 

(Body Diode) 
Vgp Diode Forward Voltage (7) Tc = 25°C, Ig = 25A, Vgg = 0 

Tc = 25°C, Ig = 30A, Vgs = 0 

rr Reverse Recovery Time pons | Ty = 150°C, te = logy, dig /dt = 100 A/us 
Qer Reverse Recovered Charge A | uC | Ty = 150°C, Ip = Ign, dig /dt = 100 A/us 


* JEDEC registered values. Q) Pulse Test: Pulse Width < 300 usec, Duty Cycle < 2% 


VARY ty TO OBTAIN 
REQUIRED PEAK |, 


cz DUT 


Ves = 10V bb 


Ey = 0.5BVpss 
Ve = 0.75BVpss 


Fig. 1 — Clamped Inductive Test Circuit Fig. 2 — Clamped Inductive Waveforms 
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2N6765, 2N6766 
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20 
BRAS iin 
T_T-TTHTHh__{ OPERATION IN THIS 
TTT AREA IS LIMITED 
41 BYR 
Cy meena 
: z Koren | | 
uw x SSS. CO; Cae ae ae a ee 
a o 40, (o>. Cae 
a = R414 we Ge 
aa < TTT Pat TTR 
3 IK ee EL SR 
z a S CLP ONLI NIN 
S & YT T TTS TL OATS 
ao 
=a 
rz) < 
wn” c 
: a : 
= i Ee 
| ie et | ; 
Rthuc = 0.83 K/W 
ian ae SINGLE PULSE 
SRE ' 
0 10 20 30 40 50 ip 62 5 10 = 20 50 100 200 500 
Ip, DRAIN CURRENT (AMPERES) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 7 — Typieal Transconductance Vs. Drain Current Fig. 8 — Maximum Safe Operating Area 
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N-CHANNEL 
POWER MOSFETs 


2N6765, 2N6766 
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Fig. 11 — Power Vs. Temperature Derating Curve Fig. 12 — Typical Body-Drain Diode Forward Voltage 
tb 
Vpp = 95V PULSE WIDTH 
nis toi 90% 90% 

52 INPUT, V; 50% ‘ "150% 
PRF = 1kHz Vo 6 10% 
ty = 1 ys GS (off) INPUT PULSE INPUT PULSE 
p TO SCOPE 
r----- RISE TIME PALL TIME 
| td (on) td (off) 
| y > p> 

ff 
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Fig. 13 — Switching Time Test Circuit Fig. 14 — Switching Time Waveforms 
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a} HARRIS 2N6767 
2N6768 


N-Channel Enhancement-Mode 
August 1991 Power MOS Field-Effect Transistors 


Features Package 
¢ 12A and 14A, 350V - 400V 
* rDS(on) = 0.42 and 0.32 


TO-204AA 
BOTTOM VIEW 


DRAIN 
¢ SOA is Power-Dissipation Limited SOURCE / (FLANGE) 


® Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
e High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6767 and 2N6768 are n-channel enhancement-mode | Terminal Diagram 

silicon-gate power MOS field-effect transistors designed for 

applications such as switching regulators, switching converters, N-CHANNEL ENHANCEMENT MODE 
motor drivers, relay drivers, and drivers for high-power bipolar 

switching transistors requiring high speed and low gate-drive power. D 

These types can be operated directly from integrated circuits. 


These types are supplied in the JEDEC TO-204AA steel package. 


Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 


2N6767 2N6768 


Drain-Source Voltage 400* 
Drain-Gate Voltage (Rgs = 20kN) 400* 
Continuous Drain Current 
14* 
To = +1009C : 9* 
Pulsed Drain Current 25 
Gate-Source Voltage +20* 
Maximum Power Dissipation 
To = +25°C (See Figure 11) 150* 
Above Tc = +259C, Derate Linearly ; 1.2" 
Inductive Current, Clamped 25 
(See Figures 1 and 2, L = 100u1H) 
Operating and Storage Junction Temperature Range -55 to +150* -55 to +150* 
Maximum Lead Temperature for Soldering 300* 300* 
(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6767, 2N6768 


Electrical Characteristics @ Tc = 25°C (Uniess Otherwise Specified) 
| SC*Parameter |S Type | Min. | Typ. | Max. | Units | Test Conditions 


BVposs _ Orain — Source Breakdown Voltage | 2ne767 | 350 | - | - | Vv | Vgs = 0 
peererpwe grime 
[Tassn Gate Body teokooe Revere [ALC [| — [ro [WA [Vasey 
| - | 0.2 | 40° | mA | Vog = Max. Rating, Vgg = 0, Tc = 125°C 

VDS(on) Static Drain-Source On-State | aneve7 | - | - | 54°] Vv Ve6s = 10V, Ip = 12A 

a Paneves [— [| — [se [Vv _ [Vos=10¥.1p= 148 
hhettaccaek SO nas eee ee 
Rosion) a On-State | 2ne767 | - | - | ogee | 2 | VGs = 10V, Ip = 7.75A, To = 125°C 

. [eneves | — [= [066* | @[Vag= 10V,ip= 908 Te = 128°C 

[ey Foren Traecontvcenes [ALL [wor [oro [ar [S10 [Vog=16V.IpeBOR 
[ing taper Capacitance [ALL | Yano" | 2000 | 3000" [oF 
[Cone Output Copacitancs [ALL | 200" | 400 | e00 [oF 
[Ci Reverse Transfer Capacitance [ALL [60° [100 | 200" [oF 
Sh 
fe Faltime CS SE oe To 
Thermal Resistance 


[Rinse _wnsionioGee AR = [0a [ca 
= 


V6s = 9, Vos = 25V, f = 1.0 MHz 
See Fig. 10 


independent of operating temperature.) 


[Finsa__Junction-to-Ambient | ALL |= | 30 | cr _| Free Air Operation 
Body-Drain Diode Ratings and Characteristics 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 


Is Continuous Source Current | 2N6767 | - | - | 
(Body Diode Ceneres | — | 
Ism__—~Pulsed Source Current | 2N6767 | - | - 
(Body Diode) Taneres | — | 

2N6768 1.7° V Tc = 25°C, Ig = 14A, Vgsg = 0 


* JEDEC registered values. Q) Pulse Test: Pulse Width < 300 usec, Duty Cycle < 2% 


VARY tp TO OBTAIN 
REQUIRED PEAK |, 


E, = 0.5BVpss 
Ve = 0.75BVoss 


Fig. 1 - Clamped inductive test circuit. Fig. 2 - Clamped inductive waveforms. 
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2N6767, 2N6768 


oe a a ae i ee 
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Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


2 EE) EE A 
0 50 a "ia hn a a 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical output characteristics for both types. Fig. 4 - Typical transfer characteristics for both types. 
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Fig. 5 - Typical saturation characteristics for the 2N6767. Fig. 6. - Typical saturation characteristics for the 2N6768. 
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: Sua ssnceme| ING ONE Le EL 
5 2.0 SINGLE PULS i 

: = [Per [TON T Mae 

2 EEE IN CAT 

2 & 10 SE a ee ey ee a & 

= 2S aaa, ey ART (nay RNR, (ae AAT AA (AF | mae (“<a Oe 

isl ae Seer ete wee cae 

in Ne 

TTT Tt tT ht NYT 

03 A a 2N6767 | | 2N6768 _ 
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Fig. 7 - Typical transconductance versus drain current for Fig. 8 - Maximum safe operating area for both types. 


both types. 
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2N6767, 2N6768 
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Fig. 9 - Typical normalized on-resistance versus temp- Fig. 10 - Typical capacitance versus drain-to-source 
erature for both types. voltage for both types. 
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Fig. 11 - Power versus temperature derating curve Fig. 12 - Typical body-drain diode forward voltage 
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p 
Vop = 190V PULSE WIDTH 
VGS (on) 
20Q 50% fj 99% 90% 


PRF = 1 kHz Vo pares 10% is 
tp= lus TO SCOPE VGS (off) : INPUT PULSE — INPUT PULSE 
r----- RISE TIME al amet tt TIME 
| td (on) td (off) > 
| y te ty 
| pany 10% 10% 
I OUTPUT, Vq 
90% 90% 
ipa VDS (on) 
a = — ton —o| ne— loft 
Fig. 13 - Switching time test circuit. Fig. 14 - Switching time waveforms 
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i HARRIS 2N6769 
2N6770 


N-Channel Enhancement-Mode 


August 1991 Power MOS Field-Effect Transistors 
Features Package 
TO-204AA 
e 11A and 12A, 450V - 500V BOTTOM VIEW 
* (DS(on) = 0.52 and 0.42 
. . . . . ° SOURCE DRAIN 
¢ SOA is Power-Dissipation Limited f (FLANGE) 
¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics A 
® High Input Impedance 
GATE 


e Majority Carrier Device 


Description 


The 2N6769 and 2N6770 are n-channel enhancement-mode | Termina/ Diagram 
silicon-gate power MOS field-effect transistors designed for 


applications such as switching regulators, switching converters, N-CHANNEL ENHANCEMENT MODE 
motor drivers, relay drivers, and drivers for high-power bipolar Nd 
switching transistors requiring high speed and low gate-drive power. D nT o. 
These types can be operated directly from integrated circuits. 2 rs 
= 
These types are supplied in the JEDEC TO-204AA steel package. = = 
c 
Ow 
= zs 
re) 
a 
Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
2N6769 2N6770 UNITS 
DAI SOUICS VOSGES su cnr nbdue ana pd wevedsdwdexsiuene nee axe acawe Vos 450* 500* Vv 
Drain-Gate Voltage (Rag = 2ZOKG)).. cascveesseersesewnn nes eee esas VDGR 450* 500* V 
Continuous Drain Current 
Net PE OIS wen ven ences ne ser wee habeexde ren pas Wauns Mon eoiuEN eee? Ip 11 12 A 
Te SPIOONG once cds ban sees Kee oe vie ene cee nee anes eee DKE Re Ae As Ip 7 775 A 
PUISE? DIAN CUITGN ac io6 2500406558 00500050400000080KR4 aR FR F844 IDM 20 25 A 
eS Oe VORIUG  ovsksseene nes eh ene deen seneeadonnecanenneews Ve6s +20" +20" V 
Maximum Power Dissipation 
TG =+25°C (See Figure 11) sc savas cvesvascsussaa see tanassceens re Pp 150* 150" W 
Above Tc = +259C, Derate Linearly (See Figure 11) ..............005, 12 1.2* W/°C 
INDUCING CUTE, CHANGES is cctnewsacneneseeescdéavee cen dswest ves ILM 20 25 A 
(See Figures 1 and 2, L = 100uH) 
Operating and Storage Junction Temperature Range............ Ty. TSG -55 to +150* =55 to +150* oC 
Maximum Lead Temperature for Soldering ............0c cece ee eeeeees TL 300* 300* oC 
(0.063” (1.6mm) from case for 10s) 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 899.1 
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Specifications 2N6769, 2N6770 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 

[Tye. | Max. [ Units [Test Conditions, 
eee 
=a V | Ip =4.0mA 

Paar | 
| ao | 
| oe | 
a | 


Type 


BVpssg Drain — Source Breakdown Voltage | 2N6769 
2N6770 


VGSi(th) Gate Threshold Voltage 2,0* 


= | 
EE 


IGssr Gate — Body Leakage Forward 


lossR Gate — Body Leakage Reverse ALL 


| Zero Gate Voltage Drain Current 


VDS(on) Static Drain-Source On-State 2N6769 
Voltage Q) 
2N6770 


2N6769 
2N6770 


R Static Drain-Source On-State 2N6769 
DS(on) : 
Resistance Q) 
2N6770 


9 Forward Transconductance Q) ALL 
Cics Input Capacitance ALL 
Coss Output Capacitance ALL 200* 
Cee Reverse Transfer Capacitance ALL 

tg (on) Turn-On Delay Time ALL 


tg (off) Turn-Off Delay Time 


VGs = -20V 


Vos = 0.8 x Max. Rating, Ves =0O 
Vos = Max. Rating, Vgg = 0, Tc = 25°C to 125°C 


Vag = 10V, Ip = 12A 
Ves = 10V, Ip =7A 
VGs = 10V, Ip = 7.75A 


VG6s = 10V, To) = 7.0A, To = 125°C 


2 | Vgg = 10V, Ip = 7.75A, To = 125°C 
12.0 S(U) |Vgg=10V Ip=7.75A 


RpS(on) Static Drain-Source On-State 
Resistance Q) 


0.3 


Vgs = 0, Vps = 25V, f = 1.0 MHz 
See Fig. 10 


Vop =210y., Ip = 7.75A, Zo = 4.72 
(See Figs. 13 and 14) 


> 
i 
i 


(MOSFET switching times are essentially 


ts Fall Time ALL 


Thermal Resistance 


RihJc Junction-to-Case 


Rinhcs __Case-to-Sink 


independent of operating temperature.) 


°C/W 


Mounting surface flat, smooth, and greased. 


Rihsa Junction-to-Ambient 


Body-Drain Diode Ratings and Characteristics 


Free Air Operation 


Is Continuous Source Current 2ne76e9 | -— | - | 11° ‘ eee MOSFET symbol 
(Body Diode) N677 . showing the integra 
| 2Ne770 | - | - | ie reverse P-N junction rectifier. 


Pulsed Source Curent ane7ea [= [20 
Bey ties Paner70 [= [35 J 


Diode Forward Voltage G) 2N6769 | a7s7 | - | 15" | Vv Tc = 25°C, Ig = 11A,VGs = 0 


Qrr Reverse Recovered Charge ALL 


* JEDEC registered values. (1) Pulse Test: Pulse Width < 300 usec, Duty Cycle < 2% 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Ey = 0.5BVpss 
Ve = 0.75BVpss 


Fig. 1 - Clamped inductive test circuit. Fig. 2 - Clamped inductive waveforms. 
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2N6769, 2N6770 
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Fig. 3 - Typical output characteristics for both types. Fig. 4 - Typical transfer characteristics for both types. 
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Fig. 5 - Typical saturation characteristics for the 2N6769. Fig. 6. - Typical saturation characteristics for the 2N6770. 
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2N6769, 2N6770 
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Features 

e 3.5A, 100V 

* rDS(on) = 0.62 

¢ SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6782 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The 2N6782 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


2N6 782 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Package 
TO-205AF 
BOTTOM VIEW 


SOURCE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


D 


Absolute Maximum Ratings (Tc = +250°C), Unless Otherwise Specified 


Drain-Source Voltage (Note 1) 
Drain-Gate Voltage (Rgs = 20k{) (Note 1) 
Continuous Drain Current 
To = +259C 
To = +1009C 
Pulsed Drain Current (Note 2) 
Gate-Source Voltage 
Continuous Source Current (Body Diode) 
Pulse Source Current (Body Diode) (Note 2) 
Maximum Power Dissipation 
To = +25°9C (See Figure 14) 
Linear Derating Factor (See Figure 14) 
Inductive Current, Clamped 
(L = 100uH) 
Operating and Storage Junction Temperature Range 
Maximum Lead Temperature for Soldering 
(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 
NOTES: 
1. Ty = +25°C to +150°C 


2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Fig. 5). 


2N6782 


100* 
100* 


3.5% 
220" 
14* 
£20" 
3.50* 
14* 


15* 
0.12" 
14 


-~55 to +150* 
300* 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 592 1 


Copyright © Harris Corporation 1991 
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Specifications 2N6782 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


ee Units Test Conditions 
‘BVpsg_ Drain - Source Breakdown Voltage | 100° | Ves = OV, Ip = 0.25 mA 


VGsith) Gate Threshold Voltage Vos = Vgs. Ip = 0.5 mA 

Igss Gate - Source Leakage Forward Ves = 20V, Vps = OV 

Igss Gate - Source Leakage Reverse Ves = —20V, Vos = OV i 
Vps = 100V, Veg = OV 


Ipss —« Zero Gate Voltage Drain Current 


VpSion) On-State Voltage (2) 


Rpsion) Static Drain-Source On-State Resistance (2) 


ps = 80V, Ves = OV, Tc = 125°C 
V6s = 10V, Ip = 3.5A 
Ves = 10V, Ip = 2.25A, To = 25°C 
Ves = 10V, Ip = 2.25A, Tc = 125°C 
Tc = 28°C, Is = 3.5A, Vég = OV 


E 
~ 
a 
. 
o 
s 


Vsp Diode Forward Voltage (2) ; 


sial{elel< 5 8 5]|<8 
| 


ats Forward Transconductence @) CO | CSC DS = 8V. Ip = 225A 

Gigs input Capacitance SSSCSC*~*~«dtCi SSC Ves = OV, Vps = 28V, f= 1.0 Miz 

40° | 0 [pF _| See Fig. 10 

[Cres Reverse Transfer Capacitance | «tO «YOO 

taion) _Tun-On Delay Time SCC dC Vop = AV, Ip = 225A, Z = 500 

fy iRiseTimeC—=~“~*‘“*~*~*S*S*S*S*~é~dSC S*dSC | ~C*ST«C | ng_| See Fig. 18 

Tigo) _Tum-OW DelayTime ——SSSSSSS«Y SC (| ~— | 28" |__| (MOSFET switching times ore essentially independent 

eed tal 

SOA Safe Operating Area Tis [ — | 
| 15 | — | Vos = 4.28V, Ip = 3.5A, See Fig. 16. 


Thermal Resistance 


Rene _JunetiontoGase——SSCSC—~—SS SSC OWOSSO 
Rens _JunctiontoAmbiont ————SSSSSCSCSC~*dS 8 [oc | Fre A Operation CC*S 


Source-Drain Diode Switching Characteristics (Typical) 


tr Reverse Recovery Time f 200 sds | Ty = 180°C, Ip = 3.5A, digidt = 100A/us 
Qrra _— Reverse Recovered Charge rss Ty = 150°C, Ip = 3.5A, digidt = 100A/us 
ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by + Lp. 

@ Ty = 26°C to 150°C. ©) Pulse Test: Pulse width < 300us, Duty Cycle < 2%.  @) Repetitive Rating: Pulse width limited by 


max. junction temperature. 
See Transient Thermal Impedance Curve (Fig. 5). 


*JEDEC registered value 


| woweuiserest | | | | | | ff 
= 10V ‘oon oo ine 
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Ip, DRAIN CURRENT (AMPERES) 
ao 


PTE yA TE 
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Vpg, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 
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Fig. 1 — Typical Output Characteristics 


Fig. 2 — Typical Transfer Characteristics 
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Reine = 8.33 °C/W] | | NIN mae 
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Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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Zrhyclt)/Rynyc. NORMALIZED EFFECTIVE TRANSIENT 


2N6782 
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Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 
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Fig. 14 — Power Vs. Temperature Derating Curve 
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2N6782 


PULSE WIDTH 
VGS(on) +10V 
INPUT 


Ves(ott) OV 


INPUT PULSE 
RISE TIME 


VOS(off) 
TEKTRONIX OUTPUT 
7623 

OSC. VoS(on) 


NOTES: 
WHEN MEASURING RISE TIME, Vgg(gn) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vgg(of¢) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1, LHOO63 CASE GROUNDED. THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 us, PERIOD=1 ms, AMPLITUDE=10V GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 — Switching Time Test Circuit 


BLOCKING 
DIODE 472 


NOTES: 
1. SET Vpg TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgs 
UNTIL THE SPECIFIED VALUE OF Ip AND Vgg ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip @ Rg = 2.5 * 1.0 Vde. 


Fig. 16 — Safe Operating Area Test Circuit 
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Features 

e 2.25A, 200V 

* 'DS(on) = 1.52 

© SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

¢ Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


2N6784 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 


Package 
TO-205AF 
BOTTOM VIEW 
SOURCE GATE 
(9) 

(o} 
DRAIN 
(CASE) 


The 2N6784 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 
The 2N6784 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 
G 
S 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6784 UNITS 

Drain-Source VONEGS 6 ics csc we ase we see nue kes nase Reece ewes en ae’ Vps 200* V 
Drain-Gate Voltage (AGS = 2OKY)):. 65 cecncn see encaennwendenenaans VDGR 200* V 
Continuous Drain Current 

leaks sg PUPCURTE LTTE CRTC CTESTE TCE EEC TTUPTEE LTT Tee ID 2.25" A 

Fe Fe a iasrntedencsadabataenecaseaetecceeenspanesuee tes ID 1S A 
Pulsed Drain Current (NO 2) occ cens ew oes es ceensonter enendoams wr IDM 3” A 
LIGlO-SOUICE VONAGE 5 104 tes eaones cewek ies ows nds es ceeds oeRawnanes Ves £20" V 
Continuous Source Current (Body Diode) ........... 0. cc cece eee eee ees Is 225° A 
Pulse Source Current (Body Diode) (Note 2).......... 00. cece ce eee ISM 2 hd A 
Maximum Power Dissipation 

TG = +25°C (See Figure 14) 5... cccaas ade san cevundvasnaveerecoeans Pp 15° W 

Above Tc = +259C, Derate Linearly (See Figure 14) ..............006- 0.12* W/°C 
MOuUCIVG CTE, CIBMBES nn ceeccmedae nad een wenden nee Himes samans ILM ] A 

(L = 100uH) 
Operating and Storage Junction Temperature Range............ Ty..18TS -55 to +150* oC 
Maximum Lead Temperature for Soldering ...........0cce cece ceeeees TL 300* oC 

(0.063” (1.6mm) from case for 10s) 
*JEDEC registered values 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 906.1 


Copyright © Harris Corporation 1991 
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Specifications 2N6784 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 
Parameter | Min. | Typ. | Max. | Units | Test Conditions 
= Vj 


BVpss_ Drain - Source Breakdown Voltage | — | V_ | Veg = OV, Ip = 0.25 mA 
VGSith) Gate Threshold Voltage 
Igss Gate - Source Leakage Forward 
loss = -—20V, Vps = OV 
= 200V, Ves = OV 
= 160V, Veg = OV, Tc = 125°C 


VpDSion) On-State Voltage 4 
RpS(on) Static Drain-Source On-State Resistance 


(MOSFET switching times are essentially independent 
tf Fall Time of operating temperature.) 


SOA Safe Operating Area | — | — | W_ | Vpg = 160V, Ip = 94 mA, See Fig. 16. 
| — | — | W | Vpg = 6.67V, Ip = 2.25A, See Fig. 16. 


cae cine Gs Pow 
RthyA _ Junction-to-Ambient Free Air Operation 


| ons | Ty = 150°C, Ip = 2.25A, di¢/dt = 100A/ys 


Ty = 150°C, Ip = 2.25A, dig/dt = 100A/us 
Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


” 
tu 
tik 
z= 
2zO 
<= 
or 
38 
z 
re) 
a 


*JEDEC registered value 4 Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


Pf | TF eanseres oe oe 
! ! 


10V eas Sea Vos >'pion) x R MAX 
QV DS 7 'D(on) ¥ " DS(on) . 

A i oe es 
: Aoi yt | tt | 2 
B ce 
: ss as : 
= <x 
— P3 
2 fecha : 
c c 
oc —_ 
: = : 
= | < 
5 _ a he et 
3 £ 

2 SSS SS GE Cee 

0 

0 10 20 30 40 50 0 2 4 6 8 10 12 14 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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2N6784 


10 


|| | gaa 
8 Lk 20 Sie TTT OPERATION IN THIS AREA 
tyIS LIMITED BY Ros(on) 
2 CCE ee Asneat 
x | =a meme hats | gomiomg pet —teptiattah 1 — I 

ce a 4 
72am an se 
z 6 
A 
Lit | we 2 oat 
et | | Le aa 
> c 
| Z| > 10 
LE ox a : 
<x = 
a | | LAE | | z 05 Pon KG 
=) ras) 
Ze aE tea 

? Lae 5 ~ 92 |_| Ty = 150°C MAX. 

Aa ez nye Bana 
{aoe ri 0.14 SINGLE PULSE 
AS | a nc 20 $d eee 
0 4v ry es a a a a: NU SNE 0 2 
0 2 4 6 8 10 10 2 5 10 20 50 100 200 500 
Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


1. DUTY FACTOR, D = + 


see PT SINGLE PULSE (TRANSIENT enna i 2. PER UNIT BASE = Rynyc = 8.33 DEG. C/W. 
TTT THERMAL IMPEDANCE) ee Te 
ans a 0 a ade wich 


10-5 2 5 10-4 2 5 10-3 2 5 10-2 2 5 107! 2 5 1.0 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Zehscl(t)/Rthgc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 


Ae= ill 
AA bel 
MAT TT TT yy 


Qfs, TRANSCONODUCTANCE (SIEMENS) 


| 
Wei | i i tt 
AL tt tt tT 


Ion, REVERSE DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


Vgp, SOURCE-TO-ORAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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BV pss, ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (0C) 


Fig. 8 - Breakdown voltage versus temperature. 


Ciss = Cgs + Cgg, Cys SHORTED 
Crss = Cog 
gs Cgd 
Cg. + Cog 
= Cas + Cog 


Coss = Cas + 


C, CAPACITANCE (pF) 


Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance versus drain-to-source 
voltage. 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Rpsion). ORAIN TO-SOURCE ON RESISTANCE (QHMS) 


1p, DRAIN CURRENT (AMPERES) 


Fig. 12 - Typical on-resistance versus drain current. 


2N6784 


4-47 


Rps(on). DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


120 
é NCA Tee a (°C) 


Fig. 9 - Typical normalized on-resistance versus 
temperature. 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Qg, TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 


Ip, DRAIN CURRENT (AMPERES) 


0 
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Tc, CASE TEMPERATURE (°C) 


Fig. 13 - Maximum drain current versus case temperature. 


N-CHANNEL 
POWER MOSFETs 


2N6784 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 12 
Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power versus temperature derating curve. 


PULSE WIDTH 
VGS(on) +10V 


INPUT 
Ves(ott) 9V 
INPUT PULSE INPUT PULSE 
RISE TIME 
VDS(off) 
TEKTRONIX OUTPUT 
7623 
OSC. VDS(on) 
NOTES: 


WHEN MEASURING RISE TIME, Vgsign) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vggio¢f) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1, LHO063 CASE GROUNDED. THAN THE PRECISION CF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 us, PERIOD=1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 


NOTES: 
1. SET Vps TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgs 
UNTIL THE SPECIFIED VALUE OF Ip AND Vpg ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip @ Rg = 2.5 + 1.0 Ve. 


Fig. 16 - Safe operating test circuit. 
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a MARE 2N6786 


N-Channel Enhancement-Mode 


August 1991 Power MOS Field-Effect Transistor 
Features Package 
TO-205AF 
© 1.25A, 400V BOTTOM VIEW 
* DS(on) = 3-62 
¢ SOA is Power-Dissipation Limited 
ft SOURCE GATE 
e Nanosecond Switching Speeds a 
¢ Linear Transfer Characteristics 5 - 
e High Input Impedance DRAIN 
(CASE) 
e Majority Carrier Device 
Description 
The 2N6786 is an n-channel enhancement-mode Silicon-gate Terminal Diagram 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 2 
requiring high speed and low gate-drive power. This type can be D onl ae 
operated directly from integrated circuits. w ® 
= 
The 2N6786 is supplied in the JEDEC TO-205AF (Low Profile q= 
TO-39) metal package. © + 
G 
zs 
re) 
a. 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6786 UNITS 
Drain-Source VOMNAGG 6 icc svc ves cecde cease nes oes es ces Fea neesa vas Vos 400* V 
Drain-Gate Vollage (Ries = 2OKY)), 0 is c0dse cee ceecedanae eecas nents VDGR 400* V 
Continuous Drain Current 
TNE pcb heuncoracskentnnicedtadsectntascanssantupasverst Ip 1.25* A 
Nee IPO er cnscgn apache vsnucevadennchdaspeeosuetnsveussaen Ip 0.8* A 
PUSS DPA UNO «ican icd codan ies doeesned nau nndesenki teen enews IDM 5.5* A 
SaneHGOUriee Vonsae 65.08 owe vas ecndnoneseenseeronecenensaee sewner Ves +20* V 
Continuous Sus CUO sc ven cvtekceens cou une Nw ied ded Kewenewdene Is 12s" A 
Pulse Source Current 665s cca sscessvcan ces s0d oes ndisntaneneaden vers ISM 55° A 
Maximum Power Dissipation 
Te 429°C Gee FIG 19) 26 cc cccnanse nnd eed vevdes onveanedeensws Pp 15* WwW 
Above Tc = +259C, Derate Linearly (See Figure 14) ........... cece eee oi2" W/°C 
Inductive Current, GIRINDE” 2. ne0 sscccwedee vee enened p00 nae den eens as ILM §.5 A 
(L = 100uH) 
Operating and Storage Junction Temperature Range............ Ti. TSG -55 to +150* bd @ 
Maximum Lead Temperature for Soldering ............ cece eee cece eee Th 300* oC 
(0.063” (1.6mm) from case for 10s) 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2907.1 


Copyright © Harris Corporation 1991 
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Specifications 2N6786 


ELECTRICAL CHARACTERISTICS at Tc = 25°C (Unless Otherwise Specified) 


CHARACTERISTIC | TEST CONDITIONS 


Drain-Source Breakdown Voltage BVoss Vas = OV, In = 0.25 mA _ 
Gate Threshold Voltage Ves(th) Ves = Vos, |p = 0.5 mA /2.0* | — |4.0* 
Gate-Source Leakage Forward lass Vas = 20 V, Vos = 0 V | — 100" 
—| nA 
Gate-Source Leakage Reverse lass Vas = -20 V, Vos = 0 V | — | — |100 
| Vos = 400 V, Ves = 0 V i ae 
stn ditches id | Vos=400V,Ves=OV | A 
oltage Drain Current loss Vos = 320V, Vas = OV, To= 125°C | — | — f000" M 
On-State Voltage Vos (on) Ves = 10 V, ln = 1.25 A }— | — [45*{ Vv 
. . Ves = 10 V, In =0.8A, Ta= 25°C | — | 3.3 [3.6" | 
St : : a z5 
atic Drain-Source On-State Resistance ros (ON) Vas = 10V, 1p =0.8A.Ta= 125°C T— | — (ee 
= 4. 10.6" | — [1.4 


Forward Transconductance® Ors Vos = 5 V, In =0.8A 0.7* 
Input Capacitance Cis Ves = OV, Vos = 25V,f=1MHz_ | 60* | 135 |200°| 


Diode Forward Voltage® Vso Tc = 25°C, Is = 1.25 A, Vas =O V 
Output Capacitance Coss See Fig. 10 
Reverse Transfer Capacitance Cres EAERGS 
Turn-On Delay Time ta(on) on | — | — | 15") 
See Fig. 15. (MOSFET switching [— | — |20™_ 
Turn-Of Delay Time ta(off) ji dependent | — | — | 35" | 
Fall Time tr | — | — |30°| 
Vos = 200 V, In = 75 mA, See Fig. 16.| 15 | — | — | 
Safe Operating Area SOA Vos = 12 V. Ip = 1.25 A, See Fig. 16. rie] —i|— | 


THERMAL RESISTANCE 


Meee Rae 
Junction-to-Ambient R@a Free Air Operation | — | — |175 


SOURCE-DRAIN DIODE SWITCHING CHARACTERISTICS (TYPICAL) 


s=150°C, |r=1.25 A, dir/dt=100 A/us| 380s” 
J=150°C, Ir=1.25 A, dir/dt=100 A/us} 2.7 


Intrinsic turn-on time is negligible. Turn-on speed is 
substantially controlled by Ls + Lo. 


Reverse Recovery Time tr 
Reverse Recovered Charge Qrr 


ns 
uC 


Forward Turn-On Time ton 


*JEDEC registered value. 
€@Pulse Test: Pulse width < 300 us, duty cycle < 2%. 


z= 
Pee lee eed eee lead asl 
(eee eee 
s= = — 
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Ip, DRAIN CURRENT (AMPERES) 


20 40 60 80 100 120 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44120 92GS-44121 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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2N6786 


SLA4SOW YSMOd 
TANNVHO-N 


92GS-44123 


| od ‘iin 


= Rthuc 
92GS-44124 


NY oO 


PER UNIT BASE 


8.33 DEG. C/W. 
3. Tym - Tc = Pom 2thucit). 


8.33 K/W 
1. DUTY FACTOR, D = ty/to 


2: 


DRAIN-TO-SOURCE aes (VOLTS) 


1 


| | singe PULSE 
10-2 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


| [sing 


107 
Vsp, SOURCE-TO-DRAIN ——— (VOLTS) 


IS LIMITED BY Rpgyon) 


OPERATION IN THIS ARE 


Vos; 


Fig. 4 - Maximum safe operating area. 
5 


2 


(SSYadWV) LNAYYND Nivua ‘Fy 


5 


2 


92GS-44122 


SINGLE PULSE (TRANSIENT 


THERMAL IMPEDANCE) 
Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 


DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


(LINN 43d) JONVGAdWI IWWHSHL 


INJISNVHL 3AILD3443 
GAZNVWYON ‘9F4y/Q) OFZ 


Vps; 


Fig. 3 - Typical saturation characteristics. 
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(SAH3d WV) LN3SYYND Nivwa ‘9 


(SNA3W3IS) JONVLONGNOOSNVHL ‘S46 


92GS-44126 


Fig. 7 - Typical source-drain diode forward voltage. 
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92GS-44125 


DRAIN CURRENT (AMPERES) 


Ip, 
Fig. 6 - Typical transconductance vs. drain current. 


2N6786 


: Leal 
Oo 
< Leb 
“ 5 
wz % cade 
< Wi 
Ee : aa ae 
2 z 
fe) ae 
Bz ue La 
_— WwW 
Ow ON 
e8 3 na 
za 2< 
32 BE = 
= ”n 
co ~ 
2 cz ae 
= eZ 
gs a 
He mez 
5 7 
: e 
x o 
3 : ie a ae 
: foe! 
c 
—40 fe) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
92GS-44127 92GS-44128 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


Ciss = Cgs + Cgq, Cds SHORTED Vgs = O 
Crss = Cga = 1 MHz 


Coss = Cds + Cys + Coa 


a oe ee oe oe 


PT ie 

Sie 

Ate Ty 
Kt | ft 


C, CAPACITANCE (pF) 
Ves; GATE-TO-SOURCE VOLTAGE (VOLTS) 


Qg, TOTAL GATE CHARGE (nC) 
Vps; DRAIN-TO-SOURCE VOLTAGE (VOLTS) 92GS-44130 


92GS-44129 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


Rps(on) MEASURED WITH 
CURRENT PULSE OF 2.0 ps 
DURATION. INITIAL Ty = 25 °C. 
(HEATING EFFECT OF 2.0 ps 
PULSE IS MINIMAL.) 


/ 
ee 
pj | | FT ft | 
pi} | JA | 


Rps(on):; DRAIN-TO-SOURCE 


a 
= 
x 
re} 
w 
1S) 
z 
< 
a 
= 
” 
wi 
« 
2 
fe) 


Ip, DRAIN CURRENT (AMPERES) 


0 1 2 3 & 5 6 7 8 


Ip, DRAIN CURRENT (AMPERES) = a0 di die Lael 150 


Tc, CASE TEMPERATURE (°C) 
92GS-44131 


92GS-44132 


Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
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2N6786 
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Tc, CASE TEMPERATURE (°C) 


92GS-44133 


Fig. 14 - Power vs. temperature derating curve. 


VGS (ON) + 10V 


PULSE WIDTH 
90 % 90 % 
0% 


INPUT 
5 
10 % 
VGS (OFF) OV INPUT PULSE 
RISE TIME INPUT PULSE FALL TIME 
ta (on) t; tg (off) ty 
VDS (OFF) 
OUTPUT 10 % 90 % 
VS (ON) 90 % 10 % 
NOTES: 


WHEN MEASURING RISE TIME, VGS(ON) SHALL BE AS SPECIFIED ON 
THE INPUT WAVEFORM. WHEN MEASURING FALL TIME, VGS(OFF) 
SHALL BE SPECIFIED ON THE INPUT WAVEFORM. THE INPUT TRANSITION 
AND DRAIN VOLTAGE RESPONSE DETECTOR SHALL HAVE RISE AND 
FALL RESPONSE TIMES SUCH THAT DOUBLING THESE RESPONSES 


NOTES: -15 VO = WILL NOT AFFECT THE RESULTS GREATER THAN THE PRECISION OF 
1. LH00e3 CASE GROUNDED. MEASUREMENT. THE CURRENT SHALL BE SUFFICIENTLY SMALL SO 
2 GROUNDED CONNECTIONS COMMON TO GROUND PLANE ONBOARD. THAT DOUBLING IT DOES NOT AFFECT TEST RESULTS GREATER THAN 


3. PULSE WIDTH = 3 s, PERIOD = 1 ms, AMPLITUDE = 10 V. THE PRECISION OF MEASUREMENT. 
92GS-44134 92GS-44135 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 


NOTES: 

1. SET Vps TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1-s 
PULSE WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. 
INCREASE Vgs UNTIL THE SPECIFIED VALUE OF Ip AND Vps ARE 
OBTAINED. CASE TEMPERATURE = 25°C. 


2. SELECT Rs SUCH THAT Ip - Rs = 2.5 + 1 Vde. 
92GS-44136 


Fig. 16 - Safe operating test circuit. 
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w HARRIS 2N6 788 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-205AF 
° 6.0A, 100V BOTTOM VIEW 


Ad 'DS(on) = 0.300 


e SOA is Power-Dissipation Limited 


SOURCE GATE 
e Nanosecond Switching Speeds a 
e Linear Transfer Characteristics 5 
e High Input Impedance CAE) 


e Majority Carrier Device 


Description 


The 2N6788 is an n-channel enhancement-mode silicon-gate | Termina/ Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 


The 2N6788 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6788 UNITS 

Drain=Source Vollage (Note 1) nc svc dvecsecesnenses es de cen ces sees Vps 100* V 
Drain=Gate Voltage (Rag = 20KS2) (Note 1) x... 0cesncceecscess ieee VDGR 100* V 
Continuous Drain Current 

Te SPS 0 cei cecnstecntbessesansrwseeeeawiese cages Hea ae ei Ip 6.0* A 

Wee PTO ances cxdeunaten sue ns wadeninsensais eee aes ane neseos ID 3.5* A 
Pulsed Drain Current (Note 2) cscs nvcaswestenwnnns ova wen seems e ews IDM 24* A 
SR SOUICe VORRIG: sescecsven see taretes cea tedewiineawases bes hs Ves +20* V 
Continuous Source Current (Body Diode) ........... cc ce cece eee ee ee ceee Is 6.0* A 
Pulse Source Current (Body Diode) (Note 2)......... cc ce cece eee eee ISM 24* A 
Maximum Power Dissipation 

T= 425°C (See Figure 14) cscs ciccvcscavevnsss0sks ceveevseennees Pp 20* W 
Linear Derating Factor (See Figure 14) 2... cee ecs sence nenscnesseneees 0.16" W/°C 
NGUGIVE CUIPEI, CIINDEE 65060 seenece gas One wesned ace osmannawaeds ILM 24 A 

(L = 100uH) 
Operating and Storage Junction Temperature Range............ Tj: TSTG -55 to +150* 1G 
Maximum Lead Temperature for Soldering ..........ccc cece ee eee cece Th 300* oC 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 
NOTES: 
1. Ty = +25°C to +150°C 


2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Fig. 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6788 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


— Parameter Twin] Tye | Mex [Unis | _—~SCSTet Conditions ——SSSSC=*d 

BVpsg__Drain- Source Breakdown Voltage rio [= = Vv veg = Vip = 02 mA SSSCSC~S~*S 

Vasith) Gate Threshold Votage 

iggs__ Gate - Source Leakage Forward 100" [WA [Ves = 20. Vog= VCS 
aT 


| 40° 
iggs_ Gate - Source Leakage Reverse P= [= [100 
“Ipss Zero Gate Voltage Drain Current oe 
ee ee Nes = OV, Te = 125°C 
Vosion)_Or-State Votage @ PS = 
RpSion) Static Drain-Source On-State Resistance (2) | — | 0.25 | 030°} @ | ; 5A, To = 25°C 
=| = [ose [8 | Vos = 10V. tp = 358, To = 125°C 
Vgp __ Diode Forward Voltage (2) } os* | — | 18 | Ve] Tf = 6.0A, Vgg = OV 
Sfs Forward Transconductance (2) | 15" | 29 | 45* | Sw | Vos = 5V, i= 3.5A 
Cisg Input Capacitance | 200* | 450 | 600° | pF | = 25V, f = 1.0 MHz 
Coss Output Capacitance | 100* | 200 | 400° | pF | See Fig 10 
Crss Reverse Transfer Capacitance «| 20" =| 80 | *100" | oF 
= Turn-On Delay Time | — | — | 40° | ns | Vpp = 38V, Ip = 3.5A, Z = 502 
Rise Time [= [= [70 [ns | See Fig. 15 
| tdio Turn-Off Delay Time F — [| — | 40% [ ns | GST ET switching times are essentially independent 
SOA Safe Operating Area | 20 | — | — | W_ | Vps = 80V, Ip = 250 mA, See Fig. 16. 


| | 20 | — | -— | W_ | Vps = 3.3V, Ip = 60A, See Fig. 16. 


Thermal Resistance 
Rthuc _ Junction-to-Case | - | — [62 [cw] 


RthjyA  Junction-to-Ambient | — | — | 175 | C W | Free Air Operation 


Source-Drain Diode Switching Characteristics (Typical) 


tr Reverse Recovery Time | 280s ns} Ty = 150°C, Ip = 6.0A, dig/dt = 100A/us 
Qrr Reverse Recovered Charge Ty = 150°C, Ip = 6.0A, dig/dt = 100A/us 


ton Forward Turn-on Time intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


@ Ty = 25°C to 150°C. (©) Pulse Test: Pulse width < 300us, Duty Cyc < 2%. ©) Repetitive Rating: Pulse width limited by 

max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 
*JEDEC registered value 


80 ys PULSE TEST BU us POLES poll 


Vos > > 1Dion) x ROS (on)max 


Ty = 125°C 

i | 

Ty = 25°C 
| 


Ty= 


Ip. DRAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 


0 10 20 30 40 50 
Vos, ORAIN-TO- SOURCE VOLTAGE (VOLTS) Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
e ~a 
OPERATION IN THIS AREA aaemana 
IS LIMITED BY R 
Bp tH tea PT TT 
Z z CONN 
w ny “ane 
: s dh imeCuie 
= = 
< = 
2 = 
= 
Cc 
2 s 
— oO 
Z z 
<q 
e = 
[9] 5 
ES = 
“102 5 10 20 50 100 200 500 
Vgs. DRAIN TO SOURCE VOLTAGE (VOLTS) Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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Zthyc!t)/Rinyc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


BV pss. ORAIN TO SOURCE BREAKDOWN VOLTAGE 


2N6788 


SINGLE PULSE (TRANSIENT -——+—+—++-+++++— 


if 


10-3 2 5 19-2 


+— THERMAL IMPEDANCE) = +}—+--4+-+-+ +444 


_ 2 PER UNIT BASE = Rinyc = 625 0EG CW 
3 Tym - T= Pom 2thuc!t) 
2 5 10-1 2 5 10 2 5 10 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 


gts, TRANSCONDUCTANCE (SIEMENS) 


Vos ~!D(on) * 


80 us PULSE TEST 


RQS(on) max) 


4 


0 5 10 15 


Ip. DRAIN CURRENT (AMPERES) 


Fig. 6 — Typical Transconductance Vs. Drain Current 


(NORMALIZED) 


-60 -40 -20 0 20 40 60 
Ty, JUNCTION TEMPERATURE (°C) 


80 100 120 140 


Fig. 8 — Breakdown Voltage Vs. Temperature 
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Kyston). ORAIN TO SOURCE ON STATE RESISTANCE 


Ty . 1500° 


Iga. REVERSE DRAIN CURRENT (AMPERES) 


Vgg. SOURCE TO DRAIN VOLTAGE iVOLTS) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 


(NORMALIZED) 


-60 -40 -20 0 20 40 60 80 100 120 8 140 
T,, JUNCTION TEMPERATURE (°C) 


Fig. 9 — Normalized On-Resistance Vs. Temperature 


2N6788 


C, CAPACITANCE (pF) 


A] Pa | 
A 
Ria 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


— a ae 
a 
0 10 20 30 40 50 0 4 8 12 16 20 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qy, TOTAL GATE CHARGE. (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 


Ip, DRAIN CURRENT (AMPERES) 
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Ros(on) MEASURED WITH CURRENT PULSE OF —— 
2.0 us DURATION. INITIAL T = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Rps(on). DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 10 20 30 40 25 50 75 100 125 150 
Ip, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 
20 


Pp, POWER DISSIPATION (WATTS) 
S 


0 20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (°C) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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NOTES: 

1. LHO063 CASE GROUNDED. 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 
3. PULSE WIDTH =3 us, PERIOD =1 ms, AMPLITUDE =10V 


2N6788 


PULSE WIDTH 
VGS(on) +10V 
INPUT 


Vesioft) OV 


INPUT PULSE 
FALL TIME 


INPUT PULSE 
RISE TIME 


VoS(oft) 
TEKTRONIX OUTPUT 
7623 


OSC. VoSion) 


NOTES 

WHEN MEASURING RISE TIME, Vggign) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME. Vggioft) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI. 
CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT 


Fig. 15 — Switching Time Test Circuit 


BLOCKING 
DIODE 


NOTES 

1. SET Vpg TO THE VALUE SPECIFIED UNDER DETAILS USING A 0 1s PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgs 
UNTIL THE SPECIFIED VALUE OF Ip AND Vgg ARE OBTAINED. CASE 
TEMPERATURE = 25°C 

2. SELECT Rg SUCH THAT Ip e Rg = 2.5 + 1.0 Vdc. 


Fig. 16 — Safe Operating Area Test Circuit 
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2N6790 


N-Channel Enhancement-Mode 
August 1991 Power MOS Field-Effect Transistor 


Features Package 


° 3.5A, 200V iecibonicichal 


BOTTOM VIEW 
* rDS(on) = 0.82 
e SOA is Power-Dissipation Limited 
eT SOURCE 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
® High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6790 is an n-channel enhancement-mode silicon-gate | Termina/ Diagram 

power MOS field-effect transistor designed for applications such as 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 

requiring high speed and low gate-drive power. This type can be D 

operated directly from integrated circuits. 


The 2N6790 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 
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Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


2N6790 


Drain-Source Voltage 200* 
Drain-Gate Voltage (Rgs = 20kN) 200* 
Continuous Drain Current 
ne 

To = +100°C 2.25" 
Pulsed Drain Current 14* 
Gate-Source Voltage +20" 
Continuous Source Current (Body Diode) 
Pulse Source Current (Body Diode) (Note 2) 
Maximum Power Dissipation 

To = +25°9C (See Figure 14) 

Above Tc = +259C, Derate Linearly (See Figure 14) 
Inductive Current, Clamped 

(L = 100uH) 
Operating and Storage Junction Temperature Range -55 to +150* 
Maximum Lead Temperature for Soldering 300* 

(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1900.1 
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Specifications 2N6790 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


Parameter SSSCS*d Cn Ty Mex [Units | SSCSTest Conditions Cd 
BVpss Drain-Source Breakdown Vohiage———=SS~d 0" | — | — | V | Veg= Vip =02mA TS SC*d 
Wesith, Geto Threshold Vohoge ——SSSSCSC~sC OF | +4 AO | | Ng = Nesp 10mASCSC~S 
ggg Gate - Source Leakage Forward ——SSCS~sC «YC YOO | A | gg = 20V,Vpg= OV SCS 
igs Geto - Source Leakage Reverso ——~—S*dY S| | 100" | nA_| Vag = -20V, Vpg = OV 


Ipss Zero Gate Voltage Drain Current | — | — | 250* | yA | Vps = 200V, Ves = OV 
P= | = [1000 [uA [Vos = 160, Ves = OV. To = 125°C 
"Wpsion) OnStateVotage? ——SSC~—“‘*‘“RSSC«dGCSC«dSC2@* TCS gg = 10V,Ip = 385A 


RpSion) Static Drain-Source On-State Resistance | — | 0.50 [0.80* | @ | Vgg = 10V, Ip = 2.25A, Ta = 25°C 
= = [150° [9 | Veg = 10V, Ip = 2258, Ta = 125°C 


Vep Diode Forward vorage® [P18 [VT = 25°C Ig = SA Vag = OV 
Tats Forward Trensconductance®———S~S S| | A | SO | Vg = VID 2A SSCS 
rCigg Input Capacitance ————SSSSCSCS~S~SCS~S (00 | a8 | BODY | wF_| Veg = OV, Vg = ZBV, 1 = 1.0 Mi 
[Cogs Output Capacitance _——=—=~S~S~S~S | 180] 900" | BF | Soe Fig. 10 

Crug Revoroe Transfer Capacitance ——=—=S~dC‘tS =| | | 


; on) ___Tumn-On Delay Time | — | — | 40* | ns | Vpp = 74V, Ip = 2.25A, Z) = 500 
ft RiseTime SS SSC*~=“~*~*~sCS C«YC«C~*«F Cons | Seo Fig. 15 


: " Turn-Off Delay Time | — | — | 50* | ns _ | (MOSFET switching times are essentially independent 
i Fal Tire == Tan] 9 ert Toren 


a0 == wp = 


5.7V, Ip = 3.5A, See Fig. 16. 
Thermal Resistance 


[Rinyc JunctiontoCase | = T= 6 ecw 
LRthJa__Junction-to-Ambient CE = | 8 ecw] Free Air Operation 


tate bite Diode Switching Characteristics (Typical) 


Reverse Recovery Time 350 | ns | Ty = 150°C, Ip = 3.5A, dig/dt = 100A/us 
a Reverse Recovered Charge fF 23 sCTy = 150°C, Ip = 3.5A, dig/dt = 100A/us 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 
*JEDEC registered value 
aPulse Test: Pulse width S 300us, Duty Cycle S 2%. 
80 us PULSE TEST 
Vos >'p(on) ¥ RpS(on) max 
7 | 
r a 
< = 
= = 
2m Ww 
r= 
c = 
=] oO 
2 2 
a — 
< = 
= = 
3 = 
t 
__| y A 
7 | 
7 
0 2 4 6 8 10 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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2N6790 


20 


80 us PULSE TEST ne 


Ip, DRAIN CURRENT (AMPERES) 


Oo 


0 2 4 6 8 1 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. 
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Fig. 4 - Maximum Safe operating area. 
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THERMAL IMPEDANCE (PER UNIT) 
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ANCE) 
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SINGLE PULSE (T 
THERMAL IMPED 


Zthyc(t)/Rehyc. NORMALIZED EFFECTIVE TRANSIENT 


19-5 2 5 109-4 2 5 10-3 2 5 10-2 


1. DUTY FACTOR, 


2. PER UNIT BASE = Rinjc = 6.25 DEG. C/W. 


3. Tym - Tc = Pom Zthsclt). 
2 5 10-1 2 5 1.0 2 5 10 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case versus pulse duration. 


80 us PULSE TEST 
Vos >!p(on) * Ros(on) max 


gts. TRANSCONDUCTANCE (SIEMENS) 


In. DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance versus drain current. 
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Ing. REVERSE DRAIN CURRENT (AMPERES) 


Vgp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 


” 

tu 
Thr 
2% 
=O 
<< 
9 
=z 
Oo 
a 


2N6790 


1.0 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rps(on). DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0.2 


-40 0 40 80 


-40 0 40 80 120 160 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage versus temperature. Fig. 9 - Typical normalized on-resistance versus 
temperature. 
—_— 
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+. Ciss = Cgg + Cgg, Cqs SHORTED 4g 
| — Crss = Cgq = 
: ain sees aiaaee Coy iF 
gs “gd ww 
= Coss = Cas + Cys * gg g q 
2 = ah 
et SERRGe) 4000 
— 
= ty Uf 
G = bj 
: Spee” 4a 
5 = a anh 
EL ZL ELT 
—_ 
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oO 
” 
r Ly 
0 10 20 30 40 50 
Vos, DRAIN TO SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance versus drain-to-source Fig. 11 - Typical gate charge versus gate-to-source 
voltage. voltage. 
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Ip, DRAIN CURRENT (AMPERES) 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL ) 


Rosin): DRAIN-TO SOURCE ON RESISTANCE (OHMS) 


0 5 10 15 20 
Ip, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case 


temperature. 
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2N6790 


Pp, POWER DISSIPATION (WATTS) 
r=) 


20 40 60 80 100 120 140 


Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power versus temperature derating curve. 


PULSE WIDTH 


VGSion) +10V 
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Vesiott) OV 


INPUT PULSE INPUT PULSE 
RISE TIME FALL TIME 
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7 i 
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VDS(off) 
TEKTRONIX OUTPUT 


7623 
OSC. VDS(on) 


NOTES: 
WHEN MEASURING RISE TIME, Vgg(on) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vgg(oft) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1, LHO063 CASE GROUNDED. THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 us, PERIOD=1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 


NOTES: 
1. SET Vpg TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgs 
UNTIL THE SPECIFIED VALUE OF Ip AND Vpg ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip © Rg = 2.5 + 1.0 Vde. 


Fig. 16 - Safe operating area test circuit. 
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® HARRIS 2N6792 


N-Channel Enhancement-Mode 


August 1991 Power MOS Field-Effect Transistor 
Features Package 
TO-205AF 
2 2h SN BOTTOM VIEW 


* DS(on) = 1.82 
e SOA is Power-Dissipation Limited 


a SOURCE GATE 
® Nanosecond Switching Speeds a 
e Linear Transfer Characteristics 0 ns 
° High Input Impedance ee) 


e Majority Carrier Device 


Description 


The 2N6792 is an n-channel enhancement-mode silicon-gate | Termina/ Diagram 
power MOS field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 


The 2N6792 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


G 
S 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
2N6792 UNITS 

Drain SOUlCG VONAGO o6 ccc kent siedene en Ream eg weseeers Reman ewew RY Vpos 400* V 
Drain-Gate Voltage (R&S = 2OK22).. 0. ceescsensnssscnssessecvacs VDGR 400* V 
Continuous Drain Current 

Veter ss SCPE ETE Te Te TO PTERT ETT Terr CTT Lee eT eee eee er Ip = A 

T4100 7G oc rs asirndspandd ssannsswxeserecexesedence ee eeenewea Ip 1.25" A 
PUSSd DI CONANT: 60254 canes Neeesiaddarrscesenadas ede sehoeeess IDM 10* A 
SaIS“SOUrCR VONGUS de stectcvekue sn owins ses snd ees On6 babar en ens Ves +20" V 
Continuous Source Current vac cunesen yes scene evisnseus oeebt nee wnnenes Is al A 
PISS BOUNCE CUTGN ak ceune dnd o6 i nerds ba san see eee red whe de oewnens ISM 10* A 
Maximum Power Dissipation 

Tes 259C (See Figs 14) is ics co seswancs soenas oes asa encaekwanen Pp 20* W 

Above Tc = +259C, Derate Linearly (See Figure 14) ........ cece eee eee 0.16* W/°C 
TIGIUCTIVG ANTONE, CIAMINOG i6.vss senescence cents ee i0bce bse ne ees ves ILM 10 A 

(L = 100uH) 
Operating and Storage Junction Temperature Range............ Th Tere -55 to +150* 1 @ 
Maximum Lead Temperature for Soldering ............ cece ee cece eee Th 300* °C 

(0.063” (1.6mm) from case for 10s) 
*JEDEC registered values 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 901 1 


Copyright © Harris Corporation 1991 
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Specifications 2N6792 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 
po SC*arametor SSM. ‘| Typ. | Max. | Units | Test Conditions 


TBivpgg Drain-Source Breakdown Vokage [ao] =| — |v | veg = ip = 026 ma 

Vestn) Gate Threshold Vaings a0 |= a [| pg = Vig Ip = ma 

Tiggs. Gate Source Ueskage Forward [=] =] 100" | wa Veg = 20V, Vos = OV 

igs Gate - Source Leakage Reverso = = 100° [a] gg = 2, Vg = OY 

iss eee ae Hips ves Se 
[=e [na Vpg = B20V, Veg = OV. Tg = TC 

“Westen, OvState Vonage 8 gg = 10V, 1p = 20 

aoe eee ree ne eo a So see th ae 
| — | — | 400° | Q | Ves = 10V, Ip = 1.254, Ta = 125°C 

Vep _Biade Forward Vorage® a 

aig Forward Transconductanee@ | ao | 

Gisg t Capactance 2000 

Eosq Output Capacitance aa 100 2007 J 

[Crag Reverse Transfer Capectance sor [a0 | aor] oF 

Calon) Tun-on Delay Tine eV 

Cie Tine ae] S00 Fi 1 

[tigi Turf Delay Tine] = [=] 60" [ns] (MOSFET switching times ae eesetiayindopenden 

Tipe Fa img Te] Fe eating temper} 

SOA Sate Operating Area [a0 [== Wg = 2000, Tp = 100 A, See FT 
[20 [== wg = 10V, ip = 208, See Fi. 18 


Thermal Resistance 


Rthuc  Junction-to-Case fF — | - | 
RthjA _ Junction-to-Ambient | — | — | 175 | ec/w | Free Air Operation 


Te Revere Recovery Time Yt TR p= 2D, a = TOO 
Qrr _—sReverse Recovered Charge PTC Ty = 150°C, Ip = 2.0A, dip/dt = 100A/us 


ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


*JEDEC registered value 


aPulse Test: Pulse width = 300us, Duty Cycle = 2%. 


Tote | | 1111.1 


ae 44252 hae 
= ee : EE Ge Gee a s 
: Ra g 
: : ee | 
2S 2 SRR : 
os || ty 
2 2 
cr = 
ae ESe RA 
= | = 
Oo o 
= =z 4 
< < T)= 125°C 
: et fem YE | Tt 
7 ° = . JERE 
At |i I | 
te | 
0 2 4 6 8 10 
Vps. ORAIN TO SOURCE VOLTAGE VOLTS) Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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2N6792 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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1. DUTY FACTOR. D = 7 


THERMAL IMPEDANCE (PER UNIT) 
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ae aes p ANSENT SOREN eee 
aie SINGLE PULSE (TRAN 


Lert | THERMAL IMPEDANCE) T T TT tit fT yf 
aati Cr re 


bean 2 5 10-4 2 5 10-3 5 10-2 2 5 10-1 2 5 1.0 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


2. PER UNIT BASE = Rinse = 6.25 DEG. C/W. 


Zthyc(t)/Rihyc. NORMALIZED EFFECTIVE TRANSIENT 


3. Tym - Tc = Pom Zthsc!t) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case versus pulse duration. 


80 us PULSE TEST, 
Vos >'pion) ¥ Ros(on) max 
1 


T 


THVT 


gts, TRANSCONDUCTANCE (SIEMENS) 


Ipr, REVERSE DRAIN CURRENT (AMPERES) 


a ae ke 


Ip, DRAIN CURRENT (AMPERES) Vsop. SOURCE TO DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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2N6792 


BVpsS, DRAIN-TO-SOURCE BREA 
Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty. JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage versus temperature. Fig. 9 - Typical normalized on-resistance versus. 
temperature. 
1000 
| 
Vgs = 0 
=] MHz 2 
800 Ciss ™ Cos > Cog, Cds SHORTED a al Lu 
Crss = Cog = Liu i 
Coce = Cac x98 oad = = 8 
= oss ~ “ds Cos * Cog us =z = 
S < < 
w 600 - = 
es ° Cc 
< = tod Lu 
— jee) 
3 = zs 
a > Oo 
oO 
< 400 77) a. 
. Oo 
o - 
< 
= 
200 3 
> 
0 0 4 8 12 16 20 
Vos, ORAIN.TO-SOURCE VOLTAGE (VOLTS) Oy. TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance versus drain-to-source. Fig. 11 - Typical gate charge versus gate-to-source. 
voltage. voltage. 
2.5 
Rann a TTT TT TTT 
ie 2.0 us OURATION. INITIAL Ty = 25°C. (HEATING 
= EFFECT OF 2.0 us PULSE IS MINIMAL.) 
Po 
=) / 2.0 
br _ 
A 
= <15 
é 5 
S z 
> 3 
77) = 10 5 
(=) <x 
et] i NL 
ett tT ET 
f=) 
= 0.5 M 
= 
: SERRE 
: iti} | i i] | tlt 
0 
25 50 75 100 125 150 
Ip. DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case. 


temperature. 
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2N6792 


Pp, POWER DISSIPATION (WATTS) 
S 


20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power versus temperature derating curve. 


PULSE WIDTH 


VGS(on) +10V 
INPUT 


VGsiott) 0V 


INPUT PULSE INPUT PULSE 
RISE TIME 


VDS(off) 
TEKTRONIX OUTPUT 


7623 
OSC. VDS(on) 


NOTES: 
WHEN MEASURING RISE TIME, Vgsign) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vgs(of¢) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1. LHOO63 CASE GROUNDED. THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 us, PERIOD=1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 


NOTES: 
1. SET Vpg TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vg 
UNTIL THE SPECIFIED VALUE OF Ip AND Vpg ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip @ Rg = 2.5 + 1.0 Ve. 


Fig. 16 - Safe operating area test circuit. 
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aw) HARRIS 2N6794 


N-Channel Enhancement-Mode 
August 1991 Power MOS Field-Effect Transistor 


Features Package 


© 1.5A, 500V Livclineseacnl 


BOTTOM VIEW 
* DS(on) = 32 
¢ SOA is Power-Dissipation Limited 
nos SOURCE 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
e High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6794 is an n-channel enhancement-mode silicon-gate | Termina/ Diagram 

power MOS field-effect transistor designed for applications such as 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 

requiring high speed and low gate-drive power. This type can be D 

operated directly from integrated circuits. 


The 2N6794 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 
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Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


2N6794 


Drain-Source Voltage 500* 
Drain-Gate Voltage (Rgs = 20k) 500* 
Continuous Drain Current 
1S 

te = +100°C 1* 
Pulsed Drain Current 6.5* 
Gate-Source Voltage +20* 
Continuous Source Current 1 
Pulse Source Current 6.5* 
Maximum Power Dissipation 

To = +25°C (See Figure 14) 20* 

Above Tc = +259C, Derate Linearly (See Figure 14) 6.16* 
Inductive Current, Clamped 6.5 

(L = 100uH) 
Operating and Storage Junction Temperature Range -55 to +150* 
Maximum Lead Temperature for Soldering 300* 

(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. File Number 1 902 1 
Copyright © Harris Corporation 1991 
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Specifications 2N6794 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


[Parameter SSSCSC*dCn Typ | Mex [Unite] ———~—S~S~*~C~Sat Codtiones 
"BV pgs Drain - Source Breakdown Vohage ~~; Boo" | — | - | V |Vgg=OVlp=02mA 


“Vesithy Gate Threshold Voge SSSCSC~*~sC | + | Vd (pg = Vg Ip = 10mASCSC~C~*S 

Revere ———SC~sS Y= 00" | WA | Veg = -20V, Vg = OV SSSCSCS~CS 

Ipss Zero Gate Voltage Drain Current TT 280" T GAT Vos = 500V, Veg = 0V 
[=| =| 1000* |“ wa | Vg = 400, Vos = OV, To = 128% 

"Wosion) OnState Vonage ———SCSCSC~—CSCS| | | 4b | Vd gg = 1p TBA CSC~S 

Rpsion) Static Drain-Source On-State Resistance 4 | — | 26 | 30° | @ | Vgg = 10V, Ip = 1.0A, Ta = 26°C 

== _] 66" |__| Vgg = 10V, Ip = 104, Ta = 125°C 

"Wap Diode Forward Vohage® ———SSCS~SCS~S OB | — | | VI Te = BG Ig = BA Vg = OV 

Cafe Forward Traneconductence®__———SCSC~C~sC*O CTH] BO" | SW | Vpg=8VIp=10A CS 

Figs Input Capacitance ___———~——~—~—~S 200" | 500] 600" | BF] Veg = OV, Vg = BBV, = 1.0 ME 

Coes Output Capacitance | 30° | 75 | 150° | pF | See Fig. 10 

Crag Reverso Transfer Copactence—~S~S~s BO ||| 

talon) Tur-On Delay Time SSSSC~S iY On| Vp © 228, Ip = 10K Ze = 800 


Ty Rise Time SSCS 80 |_| S00 Fig. 18 

igioty _Tumn-OF Delay Time ——~—~S~S | =] 80" | ne | (MOSFET ewitching times are enzertially indapencent 
Py Faltime SSCS] 80 |e _| °F on erating tormperatre.) 

SOA Safe Operating Area [20 |= [=| W_] Vg = 200, Ip = T00mA, Seo Fig 16S 
[20 [= [= [WJ vps = 133V, Ip = 154, Seo Fig 16 CS 


Thermal Resistance 


(Rane JunctontoGaeSSCSC~—CSCSCSSCSS CdS C +d; ow OOCOSOSOSOOCSCS 
Rena _Junction-to-Ambient SCS | | 178 | ec | Fre Ar Operation SSCS 


Source-Drain Diode Switching Characteristics (Typical) 


™ Reverse Recovery Time [600 +'| ns | Ty = 150°C, Ip = 1.50A, dipict = 100Alus 
Qrr _—Reverse Recovered Charge PKC] Ty = 150°C, Ip = 1.50A, digidt = 100A/us 
ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


*JEDEC registered vaiue 4 Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


75 


80 us PULSE TEST 
\ 


| | 
Vos > !o(on) * Ros(on) max. 


Ip, ORAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


0 50 100 150 200 250 0 2 4 6 8 10 
Vps. ORAIN-TO- SOURCE VOLTAGE (VOLTS) Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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2N6794 
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CEPA N STN CNT 


OPERATION IN valine AREA N 
IS LIMITED BY Rosion) 


Bah. 
TT re oC TTING TN Yo os 
COTATI 


=a To: 25°C 
Tn = 150°C MAX. rT Trinh ine 


baal! 
ol rk Monel COO 


SINGLE PULSE 


1.0 2 5 10 20 50 100 200 500 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


0.05 


0.02 


0.01 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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1. DUTY FACTOR, D = z 


THERMAL IMPEDANCE (PER UNIT) 


— === | = 
Pre 
3 sone oe ee 
0.02 tt nel PULSE (TRANSIENT 
a THERMAL IMPEDANCE) 


Zthoc(0/Rihyc, NORMALIZED EFFECTIVE TRANSIENT 


1-5 2 5 gee § 493 © ©2 § g-2 5 
1), SQUARE WAVE PULSE DURATION (SECONDS) 


2. PER UNIT BASE = Renyc = 6.25 DEG C/W. 
3. Tym - Tc = Pom 2thclt). 


10-1 2 3 1.0 2 5 10 


Fig. 5 - Maximum effective transient thermal impedance, 


junction-to-case versus pulse duration. 


PULSE TEST 
> |D)on) ¥ Ros(on) 


gts, TRANSCONDUCT ANCE (SIEMENS) 
Ipr, REVERSE DRAIN CURRENT (AMPERES) 


0 1 2 3 4 5 6 7 
Ip, DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance versus drain current. 
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Ty = 150°C 
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Ty = 150° 


Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 


N-CHANNEL 
POWER MOSFETs 


BVoss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Fig. 8 - Breakdown voltage versus temperature. 


C, CAPACITANCE (pF) 


Fig. 10 - Typical capacitance versus drain-to-source 
voltage. 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Fig. 12 - Typical on-resistance versus drain current. 
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Ty, JUNCTION TEMPERATURE (°C) 


Ves 70 
{= 1 MHz 


iss = Cog + Coq, Cos SHORTED 


Crss * Cog 


Ce C 
Cogs = Cys + ity 


~ Cas + Cog 


10 20 30 


2N6794 


ROS (on). DRAIN TO- SOURCE ON RESISTANCE 
(NORMALIZED) 


Vs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


40 50 


Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Ip, ORAIN CURRENT (AMPERES) 


Rosion) MEASURED WITH CURRENT PULSE OF 


2.0 us DURATION. INITIAL Ty = 25°C. 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Ip, ORAIN CURRENT (AMPERES) 


(HEATING 
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" Ty, JUNCTION TEMPERATURE (°C) 


Qg, TOTAL GATE CHARGE (nC) 


100 125 
Tc, CASE TEMPERATURE (°C) 


Fig. 9 - Typical normalized on-resistance versus 
temperature. 


Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 


Fig. 13 - Maximum drain current versus case temperature. 


2N6794 


Pp, POWER DISSIPATION (WATTS) 
So 


0 20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power versus temperature derating curve. 


PULSE WIDTH 


VGSion) +10V 
INPUT 
Vesi(ott) 9V 


INPUT PULSE 
RISE TIME 


” 
tu 
a ue 
2» Y 
290 
<= 
a 
38 
za 
re) 
a. 


VDS(off) 
TEKTRONIX OUTPUT 
7623 

OSC. VOS(on) 


NOTES: 
WHEN MEASURING RISE TIME, Vgs(gn) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vagioff) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1, LHOO63 CASE GROUNDED. THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 ws, PERIOD=1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 


NOTES: 

1. SET Vpg TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgs 
UNTIL THE SPECIFIED VALUE OF Ip AND Vpg ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip Rg = 2.5 + 1.0 Vae. 


Fig. 16 - Safe operating test circuit. 
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it HARRIS 


August 1991 


Features 

¢ 8.0A, 100V 

° (DS(on) = 0.182 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6796 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The 2N6796 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


2N6796 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Package 
TO-205AF 
BOTTOM VIEW 


SOURCE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 


Drain-Source Voltage (Note 1) 
Drain-Gate Voltage (RG@s = 20kN) (Note 1) 
Continuous Drain Current 


To = +100°9C 
Pulsed Drain Current (Note 2) 
Gate-Source Voltage 
Continuous Source Current (Body Diode) 
Pulse Source Current (Body Diode) (Note 2) 
Maximum Power Dissipation 
Tc = +25°9C (See Figure 14) 
Linear Derating Factor (See Figure 14) 
Inductive Current, Clamped 
(L = 100uH) 
Operating and Storage Junction Temperature Range 
Maximum Lead Temperature for Soldering 
(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 
NOTES: 
1. Ty = +25°C to +150°C 


2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Fig. 5). 


2N6796 


100* 
100* 


8.0* 
5.0* 
32* 
+20* 
8.0* 
32” 


25* 
0.20* 
32 


-55 to +150* 
300* 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 594 | 


Copyright © Harris Corporation 1991 
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Specifications 2N6 796 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


Paras id in] Ty Ma] Unite [SSC Conon 
BVpss_ Drain - Source Breakdown Voltage | 100 [| — | — | V_ | V6g = OV, Ip = 0.25 mA 
VGsith) Gate Threshold Voltage | 20° | — | 40° | V_ | Vos = Ves, '!p = 0.5 mA 
Igss Gate - Source Leakage Forward } — | — | 100° | nA | Ves = 20V, Vpg = OV 
Iggs Gate - Source Leakage Reverse | — | — | 100° | nA | Veg = —20V, Vpg = OV 
Ipss Zero Gate Voltage Drain Current | — | — | 250° | uA | Vpg = 100V, Ves = OV 
} — | - | 1000* | pA | Vos = 80V, Ves = OV. Tc = 125°C 
VpSion)_On State Vorage ©) == 86 [Ves = 10V,1p = 800 
Rpsion) Static Drain-Source On-State Resistance (2) | — | 014 | 018" | 2 | Vggs = 10V, Ip = 5.0A, To = 25°C 
| — | — | 0.35" | @ | Veg = 10V, Ip = 5.0A, To = 125°C 


[Vp Diode Forward Vonage @SSCSC~dC THY | +H | VY Te = BC, Ig = BOA, Vgg = OV 
ts Forward Transconductance @) | 30° | 68 | 90° | SI | Vpg = 8V, Ip = 50A 
Cig Input Capacitance SSSSSSSCSCS~*dt:«CO | 000 | 900 | PF | Veg = OV. Vog = 25V, 1 = 1.0 Me 
Coss Output Capacitance | 150* | 300 | 500* | pF | ig. 
Cres Reverse Transfer Capacitance —~=—~S~*dt~=8O | 100+] 180" | pr 
tdion) __Turn-On Delay Time | — [{ = | 30% | ns | Vpp = 30V, Ip = 5.0A, Z, = 502 
ty Rise Time | — {| - | 75* | ns | See Fig. 15 
tdio Turn-Off Delay Time | — | — | 40% [ ns | (MOSFET switching times are essentially independent 
ty Fall Time rT — | — | 4° [ ns | of operating temperature.) 
SOA _ Safe Operating Area | 2 | — | — | W_ | Vps = 80V, Ip = 310 mA, See Fig. 16. 


[5 [= Ww] Ws = 3:2V, Ip = 808 Seog CS 


Thermal Resistance 


Fan Junetionto Case ee ew 
RthyA _ Junction-to-Ambient f — | = | 175 | °C W | Free Air Operation 


Source-Drain Diode Switching Characteristics (Typical) 
Reverse Recovery Time f= 800s—<sisisdTssinss | «CTY = 150°C, Ip = 8.0A, dig/dt = 100A/ys 


QrR _ Reverse Recovered Charge PKC Ty = 150°C, Ip = 8.04, dig/dt = 100A/ys 


ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


ter 


@ Ty = 25°C to 150°C. (@) Pulse Test: Pulse width < 300us, Duty Cycle < 2%. | @) Repetitive Rating: Pulse width limited by 

max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 
*JEDEC registered value 


80 us PULSE TEST 


80 ys PULSE TEST 
Vos >'pion) * Ros(on) max 
a a 
(ee) Add 
c c 
& = 
= = 
< < 
e = 
2 2 
lu Lad 
ec c 
c c 
> > 
oO o 
= z 
<x < 
c c 
Oo i=} 
E s 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 


100 CR CREE! CSPI HENS, EE OE ts oo OSES GEE GEE Gree SEP Gan Sw Gm ee SS SE ee oe 


80 us PULSE T =e oe OPERATION IN THIS AREA EEEEE 
50 Saar. IS LIMITED BY Ros(on) = 
ve Prt 
: COZENS RAIN CC 
— 
tL ~ 


Bani 

CLL 

ea 

= Te = 25°C = 
0.5 [TF Ty = 1500C MAX. 

(eal Rthuc = 5.0 KW 
| i i a ee a 
orLLE TT Tt PT Tt 

10 2 5 10 20 50 100 200 500 
Vps. DRAIN TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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oO 
o. 


Zrhyclt)/Rtpyc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


2N6796 


os 


—i—+ 1 DUTY FACTOR. D = < 


~ 19-5 2 5 19-4 2 5 1-3 
ty, SQUARE WAVE PULSE DURATION ‘SECONDS) 


BV ss DRAIN TO-SOURCE BREAKDOWN VOLTAGE 


2. PER UNIT BASE = Rinse = 5.0 0EG CW 


5 


10-2 2 5 10°! 2 5 1.0 2 5 10 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 


PULSE TEST 
>ID(on) * Ros(on) max _ 


Qts. TRANSCONDUCTANCE (SIEMENS) 


0 5 10 15 20 25 30 
Ip, DRAIN CURRENT (AMPERES) 


35 


Fig. 6 — Typical Transconductance Vs. Drain Current 


(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 — Breakdown Voltage Vs. Temperature 
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Ipr, REVERSE DRAIN CURRENT (AMPERES) 


0 05 10 15 20 25 30 
Vgp. SOURCE TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 


(NORMALIZED) 


Ros(on). ORAIN TO SOURCE ON STATE RESISTANCE 


-60 -40 -20 0 20 40 = #860 80 100 120 140 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 9 — Normalized On-Resistance Vs. Temperature 


2N6796 


Vos 0 
i. 1 MH? | 
Cigs = Cgg + Cog, Cds SHORTED 


Crss = Cog 


Cgs + Cog 
= Cys + Coq 


Coss = Cas + 


C CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 8 16 24 32 40 
Vos ORAIN TO SOURCE VOLTAGE (VOLTS) Qy, TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 


10 
06 
= | | | 
g Rosign) MEASURED WITH CURRENT PULSE OF 
= 2.0 us DURATION INITIAL Ty = 25°C (HEATING 
>= 05 EFFECT OF 2.0 us PULSE IS MINIMAL.) 8 
3 | | _ 
< | Z 
% a 
w 04 = 
oad <6 ” 
es a3 oc Ww Li. 
2 3 =” 
a = 4 ‘e) 
= z = = 
z= 02 5 < 
= 3 Le 
: Lud 
e 2 9 
1 zs 
7 & 
0 
0 10 20 30 40 50 60 
|p. DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


Tc, CASE TEMPERATURE (°C) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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NOTES: 

1, LHOO63 CASE GROUNDED. 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 
3. PULSE WIDTH =3 ys, PERIOD =1 ms, AMPLITUDE=10V. 


2N6796 


PULSE WIDTH 


VGS(on) +10V 
INPUT 


Vesiott) 9V 


INPUT PULSE 
RISE TIME 


VDS(off) 
TEKTRONIX OUTPUT 
7623 


OSC. VOS(on) 


NOTES: 
WHEN MEASURING RISE TIME, Vgsign) SHALL BE AS SPECIFIED ON THE INPUT 


WAVEFORM. WHEN MEASURING FALL TIME, Vggig¢4) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 — Switching Time Test Circuit 


BLOCKING 


DIODE 472 


NOTES: 
1. SET Vpg TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgs 
UNTIL THE SPECIFIED VALUE OF Ip AND Vag ARE OBTAINED. CASE 
TEMPERATURE = 259C. 

2. SELECT Rg SUCH THAT Ip # Rg = 2.5 + 1.0 Ve. 


Fig. 16 — Safe Operating Area Test Circuit 
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ic? HARRIS 


2N6798 


N-Channel Enhancement-Mode 


August 1991 Power MOS Field-Effect Transistor 
Features Package 
TO-205AF 
© 5.SA, 200V BOTTOM VIEW 


* 'DS(on) = 0.42 
e SOA is Power-Dissipation Limited 


— SOURCE se 
® Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
¢ High Input Impedance ee 


e Majority Carrier Device 


Description 


The 2N6798 is an n-channel enhancement-mode silicon-gate | Termina/ Diagram 
power MOS field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE = 
drivers, and drivers for high-power bipolar switching transistors oa 
requiring high speed and low gate-drive power. This type can be D nT 
operated directly from integrated circuits. & rs 
The 2N6798 is supplied in the JEDEC TO-205AF (Low Profile =! a 
TO-39) metal package. S) 7 
G zs 
Oo 
QO. 
Ss 
Absolute Maximum Ratings (Tc = +259C) Unless Otherwise Specified 
2N6798 UNITS 
Dis rues VONEES snscesawideoxesecetaeekedaeeseercewowaauws Vos 200* V 
Drain-Gate Voltage (RES = 2ZOKO) 05 <cscsceeeervenscennnnenennias VDGR 200* V 
Continuous Drain Current 
Tepe GO «.sicaeaudupeseaendesaureuavedneuaves dearer beste: Ip 5.5* A 
TE PUN i cxsivacndncrnend ond oxseduwerssaenes seksiens sons. ID a" A 
Pulsed Drali Currents ciccsccccsceccnssnseacesensssense rnin scenes IDM 22" A 
CRE~“SOUICR VOURGS vicisasiseveesdsorsesasasengas eevee venom seed Ves +20" V 
ROnnUStS SONICS GUNMAN orice eswens ed exe nersedee vee nneneeeseeses Is 5.5* A 
Pulse Source CUNGHE siscccsecassus cove eeveeecns sve Keune eeeneokin ISM 22" A 
Maximum Power Dissipation 
Te 428°C (B66 FIGuie 14) . 6s sec end noneennccecns ees cxeexeerenees Pp 25* W 
Above Tc = +259C, Derate Linearly (See Figure 14) ..............0. eee 0.20* W/9C 
inductive Current, Clamped .icicccvc css cises cecusueeiva asda wennns ILM 22 A 
(L = 100uH) 
Operating and Storage Junction Temperature Range............ Ty (Ste -55 to +150* °C 
Maximum Lead Temperature for Soldering .......... 0. cece cece eee eeee TE 300* °C 


(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1903.1 
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Specifications 2N6798 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


[Min [ Tye. | Mex [Units[ —~—=~=~=sTest Conditions = 
= V [Ves = Vip = 028mA SSCS 

P40" [ V [Vos=Ves p= 05mAS—~—C~SCS 

P1007 [nA | Ves=20V.Vps= OV SCS~SCSCS 

Pio [nA [Ves = 20, Vps= OV SC—~SCSY 

[250° [ vA [Vps=20V.Vgg=OSSC~S~CS 

| 1000* | yA | Vps = 160V, Ves = OV, Tc = 125°C 

| 2.20" 

ae 


Parameter 


< 


VpSion) On-State Voltage a | V_ | Veg = 10V, Ip = 5.54 
| Q | Veg = 10V, Ip = 3.5A, Ta = 25°C 


RpSion) Static Drain-Source On-State Resistance 4 
= = [ove [8 | Veg = 10, Ip = 358, Ta = 125°C 


Wap Diode Forward voriage® ——SSSCSCSC~s OO | — + A [VY Te = 28°C, Ig = 5A, Vg = OV 
Cafe Forward Trenaconductence? —=—SSC~*srC | AB] 7S | SIG | Vg = BV, Ip = 35A 
iss Input Capacitance ———=—SSCSCSC~S~S~S (8 | O| “BOO |_| 


[Crag Reverse Transfer Copacttance——=—SCS~dtC || (8 | 
tajon) Tur-On Delay Time SSSSC*d SY 90" [ns | Upp 87 Ip = 8A, Ze = Om 


tater Tun-OF Delay Time ———SSSSCS*d | 80%] ns] (MOSFET switching times are essentially independent 

Cy Fatima SSC Tf A nn] F operating tormporature. 

ins <2 seek oc ae 
[25 = | = |W Vos = 48V, Ip = 554, Seofig 16 Cid 


Thermal Resistance 


Rese _Junetontotee SSCS dO COSCSCSCSCSOSSCSCSCSCSCSCSC“C~‘~*Y 
Renja_JunctiontoAmbiont——SSSSSC*dtC 8 [Cr Fre Air Operation ——SCSC~—~—~S~SCS 


Source-Drain Diode Switching Characteristics (Typical) 


[tr Reverse Recovery Time SSC«dTSSSCSCSABOSSSCSC*d;Cns | Ty = 180°C, Ip = BBA, dipich = 100A 
Qrr _- Reverse Recovered Charge | 8 —s—sisdT:ss Css Ty = 150°C, I = 5.5A, dig/dt = 100A/us 
ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


*JEDEC registered value 4 Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


an an". 


tA _ 


Ip, ORAIN CURRENT (AMPERES) 


Ip, ORAIN CURRENT (AMPERES) 


a 128 [| 

oo TH a 

TTT... - 

Seen = 

0 20 40 60 80 100 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


i ae GR a” (a 


Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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2N6798 


H+ HH OPERATION IN THIS AREA —t-T-+ tH 


ttt ty IS LIMITED BY Rog(on) meal 


aga Ht 
SSSR ARE, NS 
BONP 4) RERCUL 


2 FS 


_ 
me SHH tt 
Newent 
PENT Slime eal 


ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


= 150°C MAX. ane, aestree ceeceas aaa 
a. Cele S eee! 
fin s.0KW It TT TING 


SINGLE PULSE | | maui 
eo 

COCCI PC Nee 
“102 10 -20~=—« 80-100 200 -~——«800 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


N-CHANNEL 
POWER MOSFETs 


SINGLE PULSE (TRANSIENT HH saicbonganinitar is  aaaaeiaiaaaiia 
THERMAL IMPEDANCE) 3. Tym - Tc = Pom Zthsclt). 


Zthyclt/Rrngc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


~ 49-5 2 5 49-4 82 5 10°32 5 4-2 2 5 10-1) = 2 5 10 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 


Gs, TRANSCONDUCTANCE (SIEMENS) 
Ipr. REVERSE DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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2N6798 


2.2 


BVpss. DRAIN TO SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
RpS(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage versus temperature. Fig. 9 - Typical normalized on-resistance versus 
temperature. 
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Oo 
2 
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— SERRE) 4ERee 
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a. 

< 800 pi Y) 
ae 
— 
sy | 
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7 PTA 
> 
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Vos, ORAIN-TO-SSOURCE VOLTAGE (VOLTS) Qy, TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance versus drain-to-source Fig. 11 - Typical gate charge versus gate-to-source 
voltage. voltage. 


a 6.0 
: SRR ERE 
=x 
o = 
: PPA Et Tt 
< 48 — 

2 
“ an 
= 
z uw 
oO a 
wy Z 36 
c 
2 = 
rs 
Oo <4 
z 3 
Z = 24 
S = 
= i=) 
Z 3 
2 1.2 
Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 ws DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 105 ULSE'S MINA TT TT 
0 
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Ip, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case temperature. 
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2N6798 


Pp, POWER DISSIPATION (WATTS) 


Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power versus temperature derating curve. 


PULSE WIDTH 


VGS(on) +10V 
INPUT 


® 
7 
2=W 
2zO 
= Ne 
oe 
z 

re) 
2. 


Vesiott) 9V 


INPUT PULSE INPUT PULSE 
RISE TIME 


VOS(off) 
TEKTRONIX OUTPUT 


7623 
OSC. VDS(on) 


NOTES: 
WHEN MEASURING RISE TIME, Vgs(on) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vag(of¢) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1, LHOO63 CASE GROUNDED. THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
3. PULSE WIDTH =3 us, PERIOD=1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 472 


NOTES: 
1. SET Vos TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgg 
UNTIL THE SPECIFIED VALUE OF Ip AND Vg ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip @ Rg = 2.5 + 1.0 Vac. 


Fig. 16 - Safe operating test circuit. 
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a) HARRIS 2N6800 


N-Channel Enhancement-Mode 
August 1991 Power MOS Field-Effect Transistor 


Features Package 


TO-205AF 
e 3A, 400V . 


BOTTOM VIEW 
* rDS(on) = 12 
e SOA is Power-Dissipation Limited 
SOURCE 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
® High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6800 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 

power MOS field-effect transistor designed for applications such as 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 

requiring high speed and low gate-drive power. This type can be D 

operated directly from an integrated circuit. 


The 2N6800 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 


2N6800 


Drain-Source Voltage 400* 
Drain-Gate Voltage (Rgs = 20kN) 400* 
Continuous Drain Current 
3* 

To = +1009C 2 
Pulsed Drain Current 14* 
Gate-Source Voltage 20" 
Continuous Source Current 3* 
Pulse Source Current 14* 
Maximum Power Dissipation 

To = +25°C (See Figure 14) 25* 

Above Tc = +259C, Derate Linearly (See Figure 14) 0.20* 
Inductive Current, Clamped 14 

(L = 100u1H) 
Operating and Storage Junction Temperature Range -55 to +150* 
Maximum Lead Temperature for Soldering ai 300* 

(0.063” (1.6mm) from case for 10s) 


>r< >Y>Y 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 904 1 
Copyright © Harris Corporation 1991 . 
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Specifications 2N6800 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


_—Frrrameter Sid in Typ | Mex [Unite] ~SS~S~*C* eat Conditions ———SSSSSCSC=*d 
"Bvpgg Drain = Source Breakdown Vonage ——~—~sr Cao | | | V [vgs p= 02mACC~*S 
“Vesitny Gate Threshold Vonage ——SSSCS~S~—s OT | +L A | Cd (gs = Veg Ip = O8mACCSC~* 
Tigss Gate - Source Leakage Forward ———~—S~wC «dT «S| «YOO | A | Vos = 20, ps= OV OSCSC~SCS 
Tiggs Gate - Source Leskege Reverse ——~—=S*dtS*| (| 100" | nA _| Veg = -20V, Vpg = OV 


ips Z2r0 Gete Voltage Drein Curren = [=] 280" [na [Vs = 00V, Veg = OV SSCS 
== [1000 [A | Vg = 320, Vas = OV, To = 125°C 
Wosion OvStete Vohage®@ SCS dP 8 Vd Gg VI = SOA CCS 


RDsion) Static Drain-Source On State Resistance = [oe [10° [0 _| Ves = 10V.Ip = 20A Ta = eC 
[Wep Diode Forward Vonage? ——SSSCSC~s OO | — | | VY Te = BPC Ig = BOA Vg = OV 

"fs Forward Trensconductence®_—=~=~=~sCO |B BO | SW | Vpg= Vp =2OA SSCS 
igs Input Copacitance———~—=—SCSCS~S~S~S~S~S 880" | 700] 800 | BF] Veg = OV, Vg = 25V, 1 = 1.0 MI 

[Come Output Capacitence _——~—=~SCSC*~S~S~S «C8 | (“TBO | 900" | BF | See Fig. 10 

Crag Reverso Transfer Capacitance ——=S=S~rtC CYC | 
“talon Tur-On Delay Time SSSSCSC~sC «YC 80] rs] Vp #178, Ip = 0A, Ze = 00 
SS 

“gion Tun O# Delay Time _——~—SCS~S S| 85 | ns | (MOSFET switching times are eszentilly independent 
ry Feltime SSCS Tf 85 [ns _| OF OP crating temperature 


SOA Safe Operating Area | 25 | — | — | W_| Vps = 200V, Ip = 125 mA, See Fig. 16. 
| 25 | — | — | W_| Vps = 83V, Ip = 3.0A, See Fig. 16. 
Thermal Resistance 
|Rthuc _Junctionto-Case | | = | OF oo 
| RthyA _Junction-to-Ambient Ci SC CT C=C «C18 =| OC/W| Free Air Operaticn 


Source-Drain Diode Switching Characteristics (Typical) 


te Reverse Recovery Time | 600— s—siédTsC sins | Ty = 150°C, Ip = 3.0A, digidt = 100A/us 
Qrr Reverse Recovered Charge | 40s |sCTy = 150°C, Ip = 3.0A, digidt = 100A/us 
ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


*JEDEC registered value 4 Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


80 us PULSE TEST 
80 us PULSE TEST 

a 

r a 
a x 
z S 
= < 
= _ 
= 2 
= xc 
= x 
© > 
2 Oo 
< 2 
a = 
a ras) 
= S 

0 50 100 150 200 250 300 350 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs. GATE TO-SOURCE VOLTAGE 'YVOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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2N6800 


Pott por nt hacia acto 
4 IS LIMITED BYR 

20 ni osion) Ss TL 
. aes TRIN CITIC ee 


awe ae See en me ee en ee ee 
ee Ge es tt Be pH ED ED @ eee ce oe ee 
2 a ae os ST 


re. —_—a Sane. 7e8 . em 
+ —+—} The “Sune eT al | = a maa (ae 
+1 tr tr hs (a i! (es 
CANIN a 
ETN a i 


CEPTS 
| Pesta Nii Sle 2 


Ip, ORAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


Ses ate Ht 
0.02 aoe cet HEE 


LG: 2 5 10 20 50 100 200 500 
Vos, DRAIN-TO SOURCE VOLTAGE (VOLTS) Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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rr eee ee —— 
See eeesee mpeee ——— eimn 
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sacs | eer ro 
ed ooo es 4 rt —_— =a 


ae o—s>- aia Bas Sotsha ae oom ihe 
| es 
_ Soe eae gumeen memeetiae 
DANCE 
ST ee ae 


i 7 5 10-4 2 5 10-3 5 10-2 2 5 10-1 2 5 10 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


0.2 


1. DUTY FACTOR, 0 = 7 


THERMAL IMPEDANCE (PER UNIT) 


2. PER UNIT BASE = Rinyc = 5.0 DEG. C/W. 


3. Tym - To = Pom Zthsclt). 


Zthc(t)/Rehjgc. NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 


10.0 
80 pa PULSE TEST 


Qf;, TRANSCONDUCTANCE (SIEMENS) 
on 
o 


Ion. REVERSE DRAIN CURRENT (AMPERES) 


Ip, ORAIN CURRENT (AMPERES) Vsp. SOURCE TO DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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2N6800 


Rps(on). DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


-40 0 40 80 120 160 . -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage versus temperature. Fig. 9 - Typical normalized on-resistance versus 
temperature. 


2) 
as ms 
1600 Cigy = Cos + Cgg, Cs SHORTED a Tr 
Crss = Cog 3 2s 
Cee Cog = Vos = 200V = Oo 
= C «Ci gg w ! | 
© doi oss © leds * Cos + Cog 2 Vos = 320V . = 
w = co 
oOo 
= Ss Ow 
= 3 zs 
& = © 
< 800 a Qo. 
at 
< 
? 
400 i) 
> 
0 10 20 30 40 50 0 8 16 24 32 40 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance versus drain-to-source Fig. 11 - Typical gate charge versus gate-to-source 
voltage. voltage. 


Ros(on). ORAIN-TO-SSOURCE ON RESISTANCE (OHMS) 
Tc, CASE TEMPERATURE (°C) 


Rps(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


25 50 75 100 125 150 
Ip, ORAIN CURRENT (AMPERES) Ip, DRAIN CURRENT (AMPERES) 
Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case temperature. 
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2N6800 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power versus temperature derating curve. 


PULSE WIOTH 


VGS(on) +10V 
INPUT 


Vesiott) OV 


INPUT PULSE INPUT PULSE 
RISE TIME 


VDS(off) 
OUTPUT 


VOS(on) 
NOTES: 
WHEN MEASURING RISE TIME, Vgg(on) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vgg(off) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 


NOTES: DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
1, LHOO63 CASE GROUNDED. THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
3. PULSE WIOTH =3 us, PERIOD =1 ms, AMPLITUDE=10V. GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 472 


NOTES: 
1. SET Vpg TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 


WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vcg 
UNTIL THE SPECIFIED VALUE OF Ip AND Vg ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rg SUCH THAT Ip # Rg = 2.5 + 1.0 Vae. 


Fig. 16 - Safe operating test circuit. 
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i HARRIS 


2N6802 


N-Channel Enhancement-Mode 
August 1991 Power MOS Field-Effect Transistor 


Features Package 


© 3.5A, 500V TO-2055F 


BOTTOM VIEW 
* rDS(on) = 1.52 
¢ SOA is Power-Dissipation Limited 
— SOURCE 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
© High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6802 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 

power MOS field-effect transistor designed for applications such as 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 

requiring high speed and low gate-drive power. This type can be D 

operated directly from an integrated circuit. 


The 2N6802 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


2N6802 


Drain-Source Voltage 500* 
Drain-Gate Voltage (Rgs = 20k) 500* 
Continuous Drain Current 

To = +259C 3.5" 

To = +1009C 15* 
Pulsed Drain Current 11" 
Gate-Source Voltage +20" 
Continuous Source Current 25° 
Pulse Source Current 1 
Maximum Power Dissipation 

To = +259C (See Figure 14) 25* 

Above Tc = +259C, Derate Linearly (See Figure 14) 0.20* 
Inductive Current, Clamped 11 

(L = 100pH) 
Operating and Storage Junction Temperature Range -55 to +150* 
Maximum Lead Temperature for Soldering 300* 

(0.063” (1.6mm) from case for 10s) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1905.1 
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Specifications 2N6802 


Electrical Characteristics @ Tc = 25°C (Uniess Otherwise Specified) 


2 
BVpgg Drain-Source Breakdown Vorioge ——=—S—~«dt BO] | — | V | Vgg=OVip=O025mA 


Vv 

VGsith) Gate Threshold Voltage | 2.0* | — | 40* | V_ | Vos = Ves, Ip = 0.5 mA 

IGss Gate - Source Leakage Forward | — | — | 100* | nA | Veg = 20V, Vpg = OV 

IGsg Gate - Source Leakage Reverse | — | — | 100* | nA | Veg = —20V, Vps = OV 

Ipsg ‘Zero Gate Voltage Drain Current | — | — | 250* Vps = 500V, Veg = OV - 
| — [| — | 1000* | pA | Vos = 400V, Ves = OV, Tc = 125° 

Vpsion) On-State Voltage | — | — | 3.75* Ves = 10V, Ip = 2.5A 

RpSi(on) Static Drain-Source On-State Resistance 4 EY = Ves = 10V, Ip = 1.5A, Ta = ae 

Ves = 10V, Ip = 1.5A, Ta = 
Diode Forward Voltage 4 SS Tc = 25°C, Is = 2.54, Vag = OV 
<4 Forward Transconductance 4 te | 25 | 4s | So Vps = 5V, Ip = 1.5A 
[Ciss Input Capacitance SSSSSCSC~*«8O* *| 800 | 900" | PF _| Vag = OV, Vpg = 25V, 1 = 1.0 Mi 

Coss Output Capacitance | 25* | 100 | 200* | pF | See Fig. 10 

Crsg Reverse Transfer Capacitance | 15* | 30 | 60* | pF | 

tdion) __Turn-On Delay Time | — | — | 30* | ns | Vpp = 225V, Ip = 1.5A, Zp = 500 

ry RiseTime SS SSCSCS~—CSsSC YC 90 ns _| S00 Fig. 18 

tdio Turn-Off Delay Time | — | — | 55* | ns_ | (MOSFET switching times are essentially independent 

ty Fall Tine r— | — | oo | ne | of operating temperature.) 

SOA _ Safe Operating Area | 2 | — | — | W | Vpg = 200V, Ip = 125 mA, See Fig. 16. 
25 | — | — | w_| Vos = 10V, Ip = 25A, See Fig. 16 


Thermal Resistance 


Ryne Juncontotase—SCSC~“~*~*~“‘“‘—S*Ss~sSC SSC SO OCOCSCSCSCSOSCOCSCSC“CSCS*S~SY 
[Renya JunctiontoAmbient’ _—=SSCS~S~—S SY S98 | cw | Free Air Operation ——SSC~SCS 


Source-Drain Diode Switching Characteristics (Typical) 


ter Reverse Recovery Time | 800—(ass—“‘iézdL:=Cisss:s | TY = 150°C, Ip = 2.5A, dlgict = 100A/us 
Qrr _—~Reverse Recovered Charge 4.6 Ty = 150°C, Ip = 2.5A, dig/dt = 100A/us 


ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


*JEDEC registered value Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


fee 


Vos >!D(on) * RDS(on) MAX. 

a ee ae ie sae SK a NS eRe eS oo 
i cd dt 
ne ae ae 2 ee 


_ a 
8 SeRERERE é ttt ttt A yr | {| | 
a 8 = 
2 Gee 2 at 
ie bE 
ri 
= 2 ad 
2 
2 —_ 
z z 
oO 4 eS ee Gee ee eee eee sed 0.5 
a = 
a CoC 
0 50 100 150 200 250 300 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs, GATE-TO-SOURCE VOLTAGE — 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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2N6802 


oo (I TIT operation In THis AREA Hu tt I 
eee IS LIMITED BY Rosion) LITT | 
= r = Poa 


a in, Sasth, eae 
SHS SET 
| 


FORINT pase 
NTN an Sih Y {| | 
6 NINE 


Siar stein acs 
BOE NNT 


iia 


Ip, ORAIN CURRENT (AMPERES) 


Ty = 150°C MAX. 
Rthyc = 5.0 K/W 
SINGLE PULSE 

rH 
0.05 Seeuentesemas 


Ip, DRAIN CURRENT (AMPERES) 


0.02 F- 


Cem 


0 ne ee es 0.01 FECCEMIE CE CIE LC i 
0 2 4 6 10 10 2 5 10 20 50 100 200 500 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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N-CHANNEL 
POWER MOSFETs 


ty > 
a el a on a ae ° 
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Ta 

oo [ | ty 

| | mee 1. DUTY FACTOR, D= — 
See eee nal 

oat SINGLE PULSE (TRANS | [| | | Pitty 2. PER UNIT BASE = Rinjc = 5.0 DEG. C W 


ae 
THERMAL IMPEDANCE | it 3. Tym -Tc = Pom 2thsclt) 
ell See 
ira 2 5 10-4 2 5 10-3 2 5 10-2 2 i} 10-) 2 5 1.0 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


THERMAL IMPEDANCE (PER UNIT) 


Zthyc(t)/Rengc. NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 


Vos >! Dion) * RDS(on) MAX. 


aweuserer| | | | | | | | | 


Qfs, TRANSCONDUCTANCE (SIEMENS) 
w 
Ion, REVERSE DRAIN CURRENT (AMPERES) 


Ip. ae ee ae Vgp, SOURCE. TO ORAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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2N6802 
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Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage versus temperature. Fig. 9 - Typical normalized on-resistance versus 
temperature. 
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Cory 
ye 


C, CAPACITANCE (pF) 
Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


8 16 24 32 


40 


Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance versus drain-to-source Fig. 11 - Typical gate charge versus gate-to-source 
voltage. voltage. 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
2 EFFECT OF 2.0 us PULSE IS MINIMAL.) 
| | 

S 

ad 

o _ 
2 i) 
< Ww 
a ec 
” ud 
Z s 
a < 
== et 
i 5 
oO Cc 
x fo 
7 2 
o 2 
= 4 
-_ c 
a a 
fore (=) 
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a 

oS 

ec 

0 5 10 1 20 25 25 50 75 100 125 150 
|p, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case temperature. 
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2N6802 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 


Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power versus temperature derating curve. 


TEKTRONIX 
7623 
OSC. 


NOTES: 

1. LHO063 CASE GROUNDED. 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 
3. PULSE WIDTH =3 ys, PERIOD=1 ms, AMPLITUDE=10V. 


PULSE WIDTH 


VGS(on) +10V 
INPUT 


Ves(oft) OV 


INPUT PULSE INPUT PULSE 
RISE TIME FALL TIME 


VDS(off) 
OUTPUT 


VDS(on) 


NOTES: 
WHEN MEASURING RISE TIME, Vggign) SHALL BE AS SPECIFIED ON THE INPUT 


WAVEFORM. WHEN MEASURING FALL TIME, Vgsio¢¢) SHALL BE SPECIFIED ON 


THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE- 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 - Switching time test circuit. 


BLOCKING 
DIODE 


NOTES: 
1. 


SET Vps TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgg 
UNTIL THE SPECIFIED VALUE OF Ip AND Vpg ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 


2. SELECT Rg SUCH THAT Ip @ Rg = 2.5 + 1.0 Vdc. 


Fig. 16 - Safe operating test circuit. 
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N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-220AB 
© 30A, SOV TOP VIEW 


* rDS(on) = 0.040 


e SOA is Power-Dissipation Limited —= 
. ° LENGE) ee 
e Nanosecond Switching Speeds ee DRAIN 
E——— 
e Linear Transfer Characteristics ibs! — caitlle 
e High Input Impedance 
e Majority Carrier Device 
Description 
The BUZ11 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 
The BUZ11 is supplied in the JEDEC TO-220AB plastic package. 
G 
S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
BUZ11 UNITS 

Drain-Source VolNAGe sic cscccvcaccscsseenes sus sores eee cs ace wsews Vos 50 V 
Drain~Gate Voltage (AGS = 2OKE)) ci csccecctsstcasenetaas wee cee VDGR 50 V 
Continuous Drain Current 

TNS Oe coccmentanns wuasquuaae eWwhenewusdecbau phknonbanmys Ip 30 A 
Pulsed Drain Current 

Tt 005 ct ces dsbas credo rrineuert ior hieecns ses weeeesurs IDM 120 A 
IBIO“SOUICE VONGGS cise diadceakddes yeeros Pe eKE FOES KOK R eR RK HS Ves +20 V 
Maximum Power Dissipation 

TAs ds cadareanewnes sce peeks ranrennaedetysoss kaanetsnes Pp 75 Ww 
Operating and Storage Junction Temperature Range............ Ta TsTa ~§5 to +150 oC 
DIN Humidity Category = DIN 40040 acaccnceccwnad nd ies naw nae nebee cous E 
IEC Cilmatic Oategory ~ DIN IEC 6B=1 cn cavcctctnsccn een wae veasee ne nan 55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 9253 


Copyright © Harris Corporation 1991 
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Specifications BUZ17 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS a 
| TYP. | MAX. | 
Drain-Source Breakdown Voltage a Ves =0V 
In = 0.25 mA 


Gate-Threshold Voltage Vesith Vos = Ves 
Ip =1mA 
Tj, = 25°C 
T= 125°C 
Vos = 50 V, Ves =O V 


ine) 
ac 


Zero-Gate Voltage Drain Current 


Gate-Source Leakage Current 


7 
= 


70] 
= 
0 
= 
<_ 


Reverse Transfer Capacitance Crss 


Turn-On Time ton 
(ton = tation) + tr) 


Turn-Off Time tot 
(tott = tato + tr) 


Thermal Resistance, Junction-to-Ambient Rasa 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Continuous Reverse Drain Current ~ 95°C 
Pulsed Reverse Drain Current lprm 


_—s 
Diode Forward Voltage lF=2x\] 


N-CHANNEL 
POWER MOSFETs 


Reverse Recovery Time = 25°C, Ie = lor 
Reverse Recovered Charge aa = 100 A/us, Va = 30 V 


DRAIN CURRENT (lo) —A 


NX 


AMPA 


P 
7) 
y 


Te OT TT 
4 
YZ 


10° 5 10° 5. 10? 
DRAIN-TO-SOURCE VOLTAGE (Vps) — V 


Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. 


Fig. 4 - 


DRAIN-TO-SOURCE ON RESISTANCE 


POWER DISSIPATION (Pr) — W 


Ips (on)] —Q 


Normalized drain-to-source on resistance to junction 


0. 
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0.06 
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50 100 S150 
CASE TEMPERATURE (Tc) —°C 


10 


50 100 


JUNCTION TEMPERATURE (T ))—°C 


150 


temperature for all types. 


DRAIN CURRENT (lp) — A 


60 


ut 
So 


. a 
Oo 


30 


80 ws PULSE TEST 


SEE 
Sa/.0 200800 
PT AL TT TT TE 
7) 2Sseen 


10,0V 


=|) C= GE GEE Gaebeee 2. “ BN 


ae 
ee 
= 1 2 3 5 V 6 


DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 6 - Typical output characteristics. 


BUZ11 


4-96 


GATE THRESHOLD VOLTAGE 


Fig. 3 - 


ON-STATE DRAIN CURRENT [lovom] — A 


Fig, 5 - 


TRANSCONDUCTANCE (gis) — S 


MITT ITI ir) 
Pettit ec 


nn —SEER0 Ree 


COCCEE ry Sao 
ECE tee 
PEP 
SESRAARASERERP RSA SED 
ps eH 
SERA EEARERS REE eee 
CECE ECC 
Tp pop 

rr 

PRE eee eee 
Pe iit LL 
SURRRRR BAAR Re 
po COC rer err 
-50 0 50 100 150 


JUNCTION TEMPERATURE (Tj) — °C 


[Ygs (th)] — V 


2 


Normalized gate threshold voltage as a function 
of junction temperature for all types. 


80 ws PULSE TEST SSR RRRERSE 
fea COPE TEE 


fe 
SRRCRGRREN CERES RE 
PT TTT TT TTA TT TT 
GRRGERRAEY PASO RRAeS 


GATE-TO-SOURCE VOLTAGE (Ves) — V 
Typical transfer characteristics for all types. 


WPT TILL 
80 us PULSE TEST, 
o TTT Vos = 25V 


17 AURUBADERANRGROROE 
af eke 


a 
Jo | 
5 10 15 20 


DRAIN CURRENT (lb) — 


Fig. 7 - Typical transconductance vs. drain current. 
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Fig. 8 - Typical on-resistance vs. drain current. Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Features 

e 12A, 100V 

* fDS(on) = 9.20 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ20 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The BUZ20 is supplied in the JEDEC TO-220AB plastic package. 


BUZ20 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Package 


TO-220AB 
TOP VIEW 


DRAIN 


L. ==> GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


Drain-Source Voltage 
Drain-Gate Voltage (Rgs = 20kQ) 
Continuous Drain Current 


Gate-Source Voltage 
Maximum Power Dissipation 
To = +25°C 
Operating and Storage Junction Temperature Range 
DIN Humidity Category - DIN 40040 
IEC Climatic Category - DIN IEC 68-1 


12 


48 
£20 


re 
-55 to +150 
Ee 
55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 9254 
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Specifications BUZ20 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS matin 


Raa | ON 


Drain-Source Breakdown Voltage BVoss Ves =OV 
In = 0.25 mA V 
Gate-Threshold Voltage Vesitn) Vos = Vas 
2.1 3 
Ip =1mA 


Zero-Gate Voltage Drain Current Tj = 25°C 
Tj = 125°C 


Vos = 100 V, Ves =O V 


Gate-Source Leakage Current less Ves = 20 V 

Vos = 0 V 
Drain-Source On Resistance l'Dsion) Ves = 10 V 
Forward Transconductance 


Ots 
Input Capacitance Ciss 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss 


Turn-On Time ton dion 
(ton = taion) 7 tr) tr 


20 250 
100 1000 LA 


0.15 


7 
a 


> 
oO 
i=) 
ine) 
ele 


Turn-Off Time tot tator 
(tott = tation + tr) t 


N 
ba | 


Thermal Resistance, Junction-to-Ambient 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 
i R se Drai rrent | 
Pulsed Reverse Drain Current lorm Fo | 
Diode Forward Voltage Vsp le = 2X lpr 


Reverse Recovery Time ter Ty = 28°C, k= Ina 
Reverse Recovered Charge Qar | dir/dt = 100 A/us, Va = 30 V| 


DRAIN CURRENT (lo) —A 


10° S10! 5S 102 5 10? 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 
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Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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to-case vs. pulse duration. 
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BUZ21 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-220AB 
e 19A, 100V TOP VIEW 


e DS(on) = 0.10 
© SOA is Power-Dissipation Limited 


DRAIN — 
e Nanosecond Switching Speeds (FLANGE) oe DRAIN 
e Linear Transfer Characteristics | , [tT GATE 


© High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ21 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 
The BUZ21 is supplied in the JEDEC TO-220AB plastic package. 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
BUZ21 UNITS 

Drain-Source VONGGS 2c ccccc ins pe edasscscrcserseccimeneoaumans Vpbs 100 V 
Drain-Gate Voltage (Ras = 2OKED). wncsececnsccccnsanecescseredas VDGR 100 V 
Continuous Drain Current 

TO FSSC, 5c dtcccanscceeu sve Ses sa eeatenesess geeeswrws ves enews Ip 19 A 
Pulsed Drain Current 

TPES cccsniu ond ssnccnds ceca seeedes anne pases pad eae anes IDM 75 A 
single Pulse Avalanche Enéroy*, EAS s cs ssacaccs veenctescesdaause teens, 230 mj 
GAle-SOurcs VOUAGS vahesncccnes nea rewnsetenesiee ons ene cad ane ian Ves +20 V 
Maximum Power Dissipation 

Te os cse cencce sent ans vee ceceesvesaane nedees ees eee bee e2 Pp 75 W 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150 oC 
DIN Humidity Category = DIN 40040 ci ic cctca nce vcacsanaeeabeetne nee E 
IEG Climatic Category = DIN IEC GBH 1 6 cic cc cdcisctscnasncnss res ascca es 55/150/56 
*Vpp = 25V, starting Tj = 25°C, L = 440uHy, Rgg = 500, Ipeak = 28A, see Figures 14 and 15. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2 420 
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Specifications BUZ21 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 
CHARACTERISTICS : TEST CONDITIONS | omin. | Typ. | MAX. | UNITS 


Drain-Source Breakdown Voltage BVDSS VGS =O0V 100 
ID=0.25mA 
V 
Gate-Threshold Voltage VGS(th) VDS = VGS 2.1 3 
ID=1mA 


Tj = 25°C 
Zero-Gate Voltage Drain Current Tj = 125°C 
VDS = 100 V, VGS =O V 


Gate-Source Leakage Current IGSS VGS =20V 
VDS=O0V 


VGS =10V 
ID=9A 


—_ 


jo) 


VDS = 25V 
ID=9A 


VGS=0V 
VDS = 25V 


Reverse Transfer Capacitance 


Turn-On Time ton Vcc = 30 V 
(ton = td(on) + tr) ID=3A 

Turn-Off Time toff VGS =10V 
(toff = td(off) = tr) RGS=50 


Thermal Resistance, Junction-to-Case R@JC 


Thermal Resistance, Junction-to—Ambient RJA 


N 
oO 


N-CHANNEL 
POWER MOSFETs 


*VDD = 25 \, starting Tj = 25°C, L = 440 uHy, Rgs = 50 O, Ipeak = 28 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


CHARACTERISTICS TEST CONDITIONS | min. | Typ. | MAX. | UNITS 


Continuous Reverse Drain Current IDR Te = 25°C 19 i 
Pulsed Reverse Drain Current IDRM 75 


Diode Forward Voltage VSD IF=2xIDR 1s 2.1 
VGS = OV, Tj = 25°C ¥ 


Reverse Recovery Time trr Tj = 25°C, IF = IDR | - | 20 | - | ns 
Reverse Recovered Charge QRR dIF/dt = 100 A/us, VR = 30 V | - | oa | - | uC 
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Figure 4 - Normalized drain-to-source on resistance Figure 5 - Typical transfer characteristics for all types. 
to junction temperature for all types. 
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Figure 12 - Maximum effective transient thermal impedance, 
junction-to-case vs pulse duration 
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Figure 14 - Unclamped energy test circuit. 
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Figure 13 - Typical gate charge vs gate-to-source voltage. 


Figure 15 - Unclamped energy test waveforms. 
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Features 

e 9.5A, 200V 

* 'DS(on) = 0.42 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


¢ Majority Carrier Device 


Description 


The BUZ32 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The BUZ32 is supplied in the JEDEC TO-220AB plastic package. 


BUZ32 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Package 


TO-220AB 
TOP VIEW 


DRAIN —— 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


Drain-Source Voltage 
Drain-Gate Voltage (Rqgs = 20k) 
Continuous Drain Current 
To = +559C 
Pulsed Drain Current 


Single Pulse Avalanche Energy*, EAS 
Gate-Source Voltage 
Maximum Power Dissipation 


Operating and Storage Junction Temperature Range 
DIN Humidity Category - DIN 40040 
IEC Climatic Category - DIN IEC 68-1 


75 
-55 to +150 
= 
55/150/56 


*Vop = 20V, starting Tj = 259C, L = 3.3{uHy, Rgs = 500, Ineak = 9A, see Figures 14 and 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
4-107 


File Number 2416 


*” 
tu 
= i 
=> 
=O 
<¢<= 
=o 
35 
za 

Oo 
a 


Specifications BUZ32 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 
CHARACTERISTICS TEST CONDITIONS | min. | Typ. | MAX. | UNITS 


Drain-Source Breakdown Voltage BVDSS VGS =OV 
ID=0.25mA 


Gate-Threshold Voltage VGS(th) VDS = VGS 2.1 
ID=1mA 


Ea 


Tj = 25°C 
Zero-Gate Voltage Drain Current Tj = 125°C 
VDS = 200 V, VGS =0V 


Gate-Source Leakage Current IGSS VGS = 20V 
VDS=0V 


VGS =10V 
ID=4.5A 


of VDS=25V 22 
ID=4.5A 


VGS=O0V 
VDS = 25V 


Reverse Transfer Capacitance f= 1 MHZ 


Turn-On Time ton Vec = 30 V 
(ton = td(on) + tr) ID=2.9A 
Turn-Off Time toff VGS =10V 

(toff = td(off) = tr) RGS =50N 


Thermal Resistance, Junction-to-Case 


Thermal Resistance, Junction-to-Ambient 


*VDD = 20 V, starting Tj = 25°C, L = 3.37 Hy, Rgs = 50 O, Ipeak = 9 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
CHARACTERISTICS TEST CONDITIONS 


Continuous Reverse Drain Current IDR To = 259C 
Pulsed Reverse Drain Current IDRM 


Diode Forward Voltage VSD IF=2xIDR 
VGS = OV, Tj = 25°C 


Reverse Recovery Time trr Tj = 25°C, IF = IDR 
Reverse Recovered Charge QRR dIF/dt = 100 A/us, VR = 100 V 
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Figure 1 - Maximum safe operating areas for all types. 
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Figure 5 - Typical transfer characteristics for all types. 


Figure 4 - Normalized drain-to-source on resistance 


to junction temperature for all types. 


4-109 


BUZ32 


20 8 — 
80us Pulse Test feeb 
7 Vos = 25V, Tj = 25°C a 
a a | 
= 46 | 6 deen 
L f = .— 
= WwW 5 | 
(- O | 
= z | 
t fy 
10 5 — 
S A _ 
— z 
< Oo 3 | 
< O 
c a ce | 
a. SCT? = 
ene Lal ey & 
eee 
1 + 7 
"4 0 [ _| 
0 10 20 30 0 10 20 
DRAIN-TO-SOURCE VOLTAGE (Vps) — V DRAIN CURRENT (Ip) — A 
Figure 6 - Typical output characteristics. Figure 7 - Typical transconductance vs drain current. 
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Figure 12 - Maximum effective transient thermal impedance, 
junction-to-case vs pulse duration 
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August 1991 


Features 

¢ 11.5A, 400V 

* rDS(on) = 9.42 

e SOA is Power-Dissipation Limited 
® Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ351 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 


BUZ351 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Package 


TO-218AC 
TOP VIEW 


DRAIN 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 
The BUZ351 is supplied in the JEDEC TO-218AC plastic package. 
G 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
BUZ351 UNITS 

Drain SOUIGE VONAGE onccsov.cos ces eu vanes eud peau ks peseds 9e4ERONS Vps 400 V 
Drain-Gate Voltage (Req = 20K) 4. cncccccans csanennss cvsenncane VDGR 400 V 
Continuous Drain Current 

BG FG codec cwwsaws es 666 bead nbs bed Des eRW eK sseaueRer es ID 11.5 A 
Pulsed Drain Current 

TES FIG cas veces cea ce nes cece Hecke bok ore kesvne Rd has Has wea IDM 46 A 
ee SOIC VONAGE oasis dee ewncone evn nen nacesenereaenenseuns Vas +20 V 
Maximum Power Dissipation 

TE nn ce acaavonnienchacenkaes bet ede biachashonetoankats Pp 125 WwW 
Operating and Storage Junction Temperature Range............ Ty, TstG -55 to +150 °C 
DIN Humidity Category = DIN SO08D 16 cised tes deck ertse cen ds eae eee to ve E 
IEC Climatic Category = DIN IEC 6821. ins cccccansccwens suave cencees 55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2266 
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Specifications BUZ351 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS tld 


Ves=OV 
lp = 0.25 mA 


Vos = Vas 


UNITS 


< 
U 


250 


Tj = 125°C bs 1000 


Vos = 400 V, Ves =O V 


Output Capacitance 
Reverse Transfer Capacitance 


Turn-On Time ton 
(ton = taton) + tr) 


Turn-Off Time tort 
(tote = tation + tr) 


Thermal Resistance, Junction-to-Case Resc 
Thermal Resistance, Junction-to-Ambient Rasa 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Continuous Reverse Drain Current 
on ES To = 25°C 
Pulsed Reverse Drain Current lpau 


_—s 
Diode Forward Voltage lp =2x tc R 


a 


a 


t 
a 
= * 
=O 
<= 

oc 
28 
fo) 
Qa. 


LIMITS 


Reverse Recovery Time = 25°C, Ir = Ir 
Reverse Recovered Charge Ona Sigel = 100 A/ys, Va = 100 V 


DRAIN CURRENT (lp) — A 


DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 
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ON-STATE DRAIN CURRENT [lpion] — A 


GATE-TO-SOURCE VOLTAGE (Ves) — V 
Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 
temperature for all types. 
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DRAIN-TO-SOURCE VOLTAGE (Vos) — V DRAIN CURRENT (lp) — A Ip 


Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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THERMAL RESPONSE (Zunsc) 
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DRAIN-TO-SOURCE ON RESISTANCE (rosiom) — 


DRAIN CURRENT (Ip) — A 
Fig. 8 - Typical on-resistance vs. drain current. 
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Fig. 10 - Maximum drain current vs. case temperature. 
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Fig. 12 - Maximum effective transient thermal impedance, junction- 


to-case vs. pulse duration. 
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Ves = 0, f = 1 MHz 
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Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 
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w HARRIS BUZ41A 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-220AB 
e 4.5A, 500V TOP VIEW 


* DS(on) = 1-52 
¢ SOA is Power-Dissipation Limited 


DRAIN aie 
OSE 
e Nanosecond Switching Speeds (FLANGE) a 
e Linear Transfer Characteristics a” GATE 


® High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ41A is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors ' 
requiring high speed and low gate-drive power. This type can be D 


operated directly from integrated circuits. 
The BUZ41A is supplied in the JEDEC TO-220AB plastic package. 


G 
S 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
BUZ41A UNITS 

DVAINRPSOUICS VOUEGS sn cnanccnace sep as cua rdeneens andous dandesias Vos 500 V 
Drain-Gate Voltage (AGS = 20KI)). isccs cus ncennacenennseniawnn va VDGR 500 V 
Continuous Drain Current 

TG FSS odd cocenseuneneanatanestoress saeuseeseuse tag nenns Ip 4.5 ZN 
Pulsed Drain Current 

TE FOS 2c ccs wenseses ce cenens Seeseies tenes see nee aie tie ewes IDM 18 A 
Ge BOUCS VONRGE xaos dna ce cer dedienkemacsewes ee eeseinianenes Ves +20 V 
Maximum Power Dissipation 

TS FS scesacerseees iwesssteerseeruans wae ebseustaswanwased Pp 75 W 
Operating and Storage Junction Temperature Range............ Ty, Tsta@ -55 to +150 °C 
DIN Humidity Category - DIN 40040 .. 1... ccc ccc cece cece cece E 
IEC Climatic Gatagory = DIN IEC 68-1 vcscsscceseses cea teesasacesaceaws 55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2256 
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Specifications BUZ41A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS sce UNITS 


Drain-Source Breakdown Voltage BVoss Ves =O V 
lp = 0.25 mA 
Gate-Threshold Voltage Vesitn) Vos = Ves 
Ip =1mA : 


Zero-Gate Voltage Drain Current Tj = 25°C 
Tj = 125°C 
Vos = 500 V, Ves =OV 


Gate-Source Leakage Current 


Turn-On Time ton 
(ton = taton + tr) 


Turn-Off Time tot taiott) 
(tott = tatom + tr) ; 


Thermal Resistance, Junction-to-Case Rec 
Thermal Resistance, Junction-to-Ambient Resa 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


ntinuous Reverse Drain Current 
Pulsed Reverse Drain Current lorm 


——- 
Diode Forward Voltage IF=2x\I| 


N-CHANNEL 
POWER MOSFETs 


Reverse Recovery Time = 25°C. |e =Ioe 
Reverse Recovered Charge Wes = 100 A/yus, Va = 100 V 


Hl 
SAE i me te 
lll MUSED 


LIE | UN i Ml 
| fins 


DRAIN CURRENT (lp) — A 


10° 5 10’ 5 10 5 10? 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 
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JUNCTION TEMPERATURE (T,) — °C 


DRAIN-TO-SOURCE ON RESISTANCE 
[rps (on)] —2 
nN 


SPEER 
PT et AT tT Tt 
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ON-STATE DRAIN CURRENT [lptom] — A 


—_ 


GATE-TO-SOURCE VOLTAGE (Ves) — V 


Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 
temperature for all types. 
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80 us PULSE TEST 
T, 25°C Vos = 25 V, T, = 25°C. 
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DRAIN-TO-SOURCE VOLTAGE (Vos) — V DRAIN CURRENT (lp) — A 

Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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THERMAL RESPONSE (2tnuc) 


Ves. TG = 25°C 


DRAIN-TO-SOURCE ON RESISTANCE (rosiom) — Q 


DRAIN CURRENT (lp) —A 


Fig. 8 - Typical on-resistance vs. drain current. 
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Fig. 10 - Maximum drain current vs. case temperature. 
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Fig. 12 - Maximum effective transient thermal impedance, junction- 


to-case vs. pulse duration. 
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Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 
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Features 

© 4.0A, 500V 

® (DS(on) = 2-02 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ42 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The BUZ42 is supplied in the JEDEC TO-220AB plastic package. 


BUZ42 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Package 
TO-220AB 
TOP VIEW 


DRAIN 
(FLANGE) 


= 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


Drain-Source Voltage 
Drain-Gate Voltage (Ras = 20k) 
Continuous Drain Current 


Single Pulse Avalanche Energy*, EAS 
Gate-Source Voltage 
Maximum Power Dissipation 


Operating and Storage Junction Temperature Range 
DIN Humidity Category - DIN 40040 
IEC Climatic Category - DIN IEC 68-1 


40 


16 
300 
+20 


73 
-§5 to +150 
E 
55/150/56 


*Vpop = SOV, starting Tj = 25°C, L = 25yuHy, Rgg = 252, Ineak = 4.5A, see Figures 14 and 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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File Number 2417 


Specifications BUZ42 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C unless otherwise specitied. 


LIMITS 
CHARACTERISTICS TEST CONDITIONS | min. | Typ. | MAX. | UNITS 


Drain-Source Breakdown Voltage BVDSS VGS =0V 
ID =0.25mA 
V 
Gate-Threshold Voltage VGS(th) VDS = VGS | 3 
iID=1mA 


Tj = 25°C 20 250 
Zero-Gate Voltage Drain Current Tj = 125°C 100 1000 uA 

VDS = 500 V, VGS =O V 
Gate-Source Leakage Current iGSS VGS =20V 10 100 

VDS=0V nA 
Drain-Source on Resistance rDS(on) VGS =10V 

ID=2.5A a 


Forward Transconductance g VDS=25V 
ID=2.5A 


VGS=0V 
VDS = 25V 
Reverse Transfer Capacitance 
Turn-On Time ton Vcc = 30 V 
(ton = td(on) + tr) ID=2.5A 
Turn-Off Time toff VGS =10V 
(toff = td(off) = tr) RGS =50N 


Thermal Resistance, Junction-to-Case 


Thermal Resistance, Junction-to-Ambient 


” 
th 
TA 
2» Y) 
=O 
c= 
-—o 
2% 
z 

re) 
ou 


*VDD = 50 V, starting Tj = 259°C, L = 25 uHy, Rgs = 252, Ipeak = 4.5 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
CHARACTERISTICS TEST CONDITIONS 


Continuous Reverse Drain Current IDR Te = 259C 
Pulsed Reverse Drain Current 


Diode Forward Voltage VSD IF=2xIDR 
VGS = OV, Tj = 25°C 


Reverse Recovery Time trr Tj = 25°C, IF =IDR 


Reverse Recovered Charge dIF/dt = 100 A/us, VR = 100 V 
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Figure 1 - Maximum safe operating areas for all types. 
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to junction temperature for all types. 
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Figure 12 - Maximum effective transient thermal impedance, 
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Figure 13 - Typical gate charge vs gate-to-source voltage. 
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Figure 15 - Unclamped energy test waveforms. 
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Features 

e 9.6A, 500V 

* rDS(on) = 0.62 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ45 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The BUZ45 is supplied in the JEDEC TO-204AA plastic package. 


BUZ45 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Package 
TO-204AA 
BOTTOM VIEW 


DRAIN 
/ (FLANGE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


Drain-Source Voltage 
Drain-Gate Voltage (Rgs = 20kN) 
Continuous Drain Current 
To = +259C 
Pulsed Drain Current 


Gate-Source Voltage 
Maximum Power Dissipation 
To = +259C 
Operating and Storage Junction Temperature Range 
DIN Humidity Category - DIN 40040 
IEC Climatic Category - DIN IEC 68-1 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications BUZ45 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS a 


| TYP. | MAX. | 
Ves =O V 
Ip = 0.25 mA 
noe = Ves 


Tj) = 25°C 
T= 125 °C 
Vos = 500 V, Ves =O V 


pe) 
oO 
ye) 
nn 
oO 


ie) 


Turn-On Time ton 
(ton = taton) + tr) 


Turn-Off Time tor 
(tote = tarot) + tr) 


Thermal Resistance, Junction-to-Case Resc 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Continuous Reverse Drain Current 
| Continuous Reverse Drain Current ton To = 25°C 
Pulsed Reverse Drain Current lpRM 


—- 
Diode Forward Voltage lIF=2x\I 


Reverse Recovery Time t. T, = 25°C, lr = lor 
Reverse Recovered Charge Qar |Gle/dt = 100 A/us, Va = 100 V 


aa ae N 
Pe OCS NTs tg 
ENS Sh 


ae 7 NA 
11 NN RNG 


> 


DRAIN CURRENT (Ip) — A 


DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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ON-STATE DRAIN CURRENT [lpion] — A 


JUNCTION TEMPERATURE (Tj) — °C GATE-TO-SOURCE VOLTAGE (Ves) — V 


Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 
temperature for all types. 
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80 ws PULSE TEST 
Vos = 25 V, T,=25°C 
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Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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DRAIN CURRENT (lp) —A DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 8 - Typical on-resistance vs. drain current. Fig. 9 - Typical capacitance vs. drain-to-source voltage 
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Fig. 10 - Maximum drain current vs. case temperature. Fig. 11 - Typical source-drain diode forward voltage. 
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THERMAL RESPONSE (Zinsc) 
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Fig. 12 - Maximum effective transient thermal impedance, junction- Fig. 13 - Typical gate charge vs. gate-to-source voltage. 


to-case vs. pulse duration. 
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N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-204AA 
° 8.3A, 500V BOTTOM VIEW 
® DS(on) = 0.82 DRAIN 
e SOA is Power-Dissipation Limited SOURCE J (FLANGE) 


® Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
¢ High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ45A is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE pa 
drivers, and drivers for high-power bipolar switching transistors = 
$28 F ; - D a | Lu 
requiring high speed and low gate-drive power. This type can be Ly le 
operated directly from integrated circuits. = 8 
The BUZ45A is supplied in the JEDEC TO-204AA plastic package. = - 
é ou 
= 
re) 
Q. 
S 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
BUZ45A UNITS 
Dralti-Source Voltage 0 wes rcccesea se o00 s06 sas 808 CeteR eE STEER eas Vos 500 V 
Draln-Gate Voltage (Raa = 2OKI2) 000 cn ccttewseu casas nes cates ve VDGR 500 V 
Continuous Drain Current 
VIG cc ccncucivacessesdacs cos scsaianes ceeenabnrnace ss Ip 8.3 A 
Pulsed Drain Current 
[isles ne PECECURCE TEE TERETE ERT ECE LE TRE Cee Tere IDM 33 A 
Gate-Source VOHAgS ic cia vns seven vases eesees new eener cen seen ens Ves +20 V 
Maximum Power Dissipation 
TG i ve wk aww se aneondsa wedansieccaneamvarerswewas Pp 125 W 
Operating and Storage Junction Temperature Range............ TJ, TSTG -55 to +150 °C 
DIN Humidity Category — DIN 40040 oa iss ccciravesnvess ese xesteews nua |= 
IEC Climatic Category - DIN IEC 68-1......... ccc cece ccc ccnnccccscnces 55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


. | File Number 2258 
Copyright © Harris Corporation 1991 
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Specifications BUZ45A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS aisle 


20 250 
100 1000 


oh 
< 
a’) 


T) = 25°C 
Tj = 125 °C 
Vos = 500 V, Ves = 0 V 


Mee = Ves 
| 4900 | 


ine) 
Wy 


i500 
Pa [| o 


p - | 2 | 2 | ,, 


Turn-On Time ton tation) 
(ton = taion) + tr) t, 


Turn-Off Time tots tatort) 
(tot = tatott) + tr) t, 


Thermal Resistance, Junction-to-Case Rec 
Thermal Resistance, Junction-to-Ambient Resa 


Continuous Reverse Drain Current 
Pulsed Reverse Drain Current lpRM 


me 
Ea es 
cc 
Ves = OV, Tj) = 25°C 
a 
= 


Reverse Recovery Time = 95°C, Ir = lpr 
Reverse Recovered Charge Qua sisi = 100 A/us, Va = 100 V 


Ete suit 
sc 
ss) ar aaa 5 


ee BS SH. <a aos eS wees 
SEEN 100 
TOON NIT tt Bs 


iti 
St 


DRAIN CURRENT (lp) —A 


10° 5 10’ 5 10? 5 10° 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 1 - Maximum safe operating areas for all types. 
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POWER DISSIPATION (Pr) — W 


50 100 150 
CASE TEMPERATURE (Tc) —°C 


Fig. 2 - Power vs. temperature derating curve for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 
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DRAIN CURRENT (lo) — A 


0 
0 10 20 30 40 50 
DRAIN-TO-SOURCE VOLTAGE (Vps) — V 
Fig. 6 - Typical output characteristics. 
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Fig. 3 - Normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Fig. 5 - Typical transfer characteristics for all types. 
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Fig. 7 - Typical transconductance vs. drain current. 
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Fig. 8 - Typical on-resistance vs. drain current. 
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Fig. 10 - Maximum drain current vs. case temperature. 
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Fig. 12 - Maximum effective transient thermal impedance, junction- 


to-case vs. pulse duration. 
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CAPACITANCE (C) — nF 
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DRAIN-TO-SOURCE VOLTAGE (Vps) — V 


Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical source-drain diode forward voltage. 


Ip pus — 14.4A 


100 


TOTAL GATE CHARGE (Qe) — nC 


Fig. 13 - Typical gate charge vs. gate-to-source voltage. 
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N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-204AA 
e1UR, SUG BOTTOM VIEW 
* DS(on) = 0.52 
: — ae — DRAIN 
¢ SOA is Power-Dissipation Limited SOURCE / (FLANGE) 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics O O 
° 
¢ High Input Impedance 
e Majority Carrier Device ill 
Description 
The BUZ45B is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors fe 
requiring high speed and low gate-drive power. This type can be D 7 7 
operated directly from integrated circuits. 2 ® 
= 
The BUZ45B is supplied in the JEDEC TO-204AA plastic package. = = 
is 
G Qu 
zs 
Oo 
a. 
S 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
BUZ45B UNITS 
DP OUrGe VONROG sans cnescannene cinaeseness nee eaesaneaenodas Vps 500 V 
Drain-Gate Voltage (Ras = 20K9)). 060 issue cexccetscesensesecsens VDGR 500 V 
Continuous Drain Current 
TSP AE oan savin cawicune aeaneak ens Pap gusarouniecanensnendas ID 10 A 
Pulsed Drain Current 
TG FO BPS cnc ks couse cee sents One Hs b0s ows GH OR RE TEES OSES ROR OS IDM 40 A 
Cate Or GS VONAGE: svcedneees conde veweewenenone ened eceweewens Vas +20 V 
Maximum Power Dissipation 
TRG sknvns cane ten nesct dedswaed sesenasbsi gus nue eeonendtes Pp 125 Ww 
Operating and Storage Junction Temperature Range............ Ty TSTG -55 to +150 oC 
DIN Humidity Category ~ DIN 40040 6 occ cx ce one cineca ens ces vemos onikan e 
IEC Climatic Category = DIN IEC 6621 aca css ee cea cee cease eee ce meee wwe 55/150/56 
® 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2259 
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Specifications BUZ45B 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS — 
Drain-Source Breakdown Voltage BVoss Ves =O0V 
lp = 0.25 mA 
Gate-Threshold Voltage Vesitn) Vos = Ves 
Ip =1mA 


3 


ee 


Zero-Gate Voltage Drain Current Tj = 25°C 20 250 
Tj = 125°C 100 1000 A 
Vos = 500 V, Ves = 0 V 
Gate-Source Leakage Current lass Ves 7 20 V 10 100 nA 
Vos =0V 


Drain-Source On Resistance Dston) Ves = 10 V 
Ots = 


ine) 
° 


Reverse Transfer Capacitance Crss 


Turn-On Time ton 
(ton = tation) + tr) 


Turn-Off Time tor 
(tot = tao + tr) 


Thermal Resistance, Junction-to-Case CCW 


Thermal Resistance, Junction-to-Ambient 


nr 
~“N — 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


ntinuous Reverse Drain Current 
— 
Pulsed Reverse Drain Current lpru 


Diode Forward Voltage le = 2 X lor 
=o Ves = 0V, Ti = 25°C ie 7 J 


Reverse Recovery Time T; = 25°C, le = lor 
Reverse Recovered Charge Qrar |dlr/dt = 100 A/us, Va = 100 V 


10? 
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| 40! 
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a tN uel 

Ww ATTN 

cr HT | LEN SIRO 

: imi Oe 
= —— hi 

xc 
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10° 5 10! 5 10? 5 107 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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DRAIN CURRENT (Iv) — A 


TRANSCONDUCTANCE (gis) — S 


DRAIN-TO-SOURCE VOLTAGE (Vos) — V DRAIN CURRENT (Ip) — A 
Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 


4-135 


BUZ45B 


uw 


20 10" — 
- == 
Ss Ge 
| S ican, dace 
bt ee cases 
: a 
2 1g | losss¥ S5V 6Y 65V 7V 4 = 
rd : = 
2 CC = 10! os 
-£ Cy a ee | == 
= | O a 
Wier apersciscesse 2 s=== 
re ae, 
xc 10 O — 
a OOO te : Fi 
a 
S i) < 
2 O 
O 
F 
= 
<x 
oc 
Q 


SERRE 
gf TTET ETT TET i 
10 20 30 40 
DRAIN CURRENT (lp) —A DRAIN-TO-SOURCE Santee a V 
Fig. 8 - Typical on-resistance vs. drain current. Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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it HARRIS BUZ6O 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Features Package 


e 5.5A, 400V TO-220AB 


TOP VIEW 
® 'DS(on) = 1.0 
e SOA is Power-Dissipation Limited 


DRAIN 
¢ Nanosecond Switching Speeds (FLANGE) Slo) a 


e Linear Transfer Characteristics — GATE 


e High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ60 is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE * 
drivers, and drivers for high-power bipolar switching transistors i 
requiring high speed and low gate-drive power. This type can be D TF Li 
operated directly from integrated circuits. = 3 
The BUZ6O is supplied in the JEDEC TO-220AB plastic package. =! = 
Ow 
G z= 
re) 
a. 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
BUZ60 UNITS 
Dia sUrce VONAGO as science tenner nasi nes rRkeed Reese eeeneneens Vps 400 V 
Drain-Gate Voltage (REG = 2OKID) isis csncccvssscunnnacresennsenes VDGR 400 V 
Continuous Drain Current 
Tee 24GB 6. ve cess nnd Setbendon Ohne ees Ce049% KedOReeENOMW EDEN we Ip 5.5 A 
Pulsed Drain Current 
TW P42 5. ic kas oe cesess new see Oem ehessnee an Ka6 cee se reewRe ee IDM 22 A 
Gale-Gource VORAGS i xcis deere vndicdsa Pees easus ny ens One sesaeass Ves +20 V 
Maximum Power Dissipation 
Te SASF E occ cvansanenscias cree keds ses oun one tan ee we ROM eM ERO Pp 75 Ww 
Operating and Storage Junction Temperature Range............ Ty 18T6 -55 to +150 °C 
DIN Humidity Category -— DIN 40040 .... ccc ccc cece cece ces cncnccens E 
IEC Climatic Category = DIN IEC G@=1 2. cn cccccectacasacs ce cuaenncuaene 55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handlina orneedures should be followed. 
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Specifications BUZ60 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS ee 


Ves =OV 
Ip = 0.25 mA V 
Vos = Ves 


Tj = 25°C 
Tj = 125°C 
Vos = 400 V, Ves =O V 


N 
i) 


ak 
on on 


Coss 
Reverse Transfer Capacitance Crss 


Turn-On Time ton 
(ton = taton) Tr tr) 


Turn-Off Time tor tarot) 
(tott = tatot + tr) G 


Thermal Resistance, Junction-to-Case Resc 
Thermal Resistance, Junction-to-Ambient Rasa 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


iw 
qo} © 
on 


He 
ron) 
Ni 
O 
= 


ntinuous Reverse Drain Current 
Pulsed Reverse Drain Current lpaM 


Diode Forward Voltage le = 2 X lpr 
Ves = OV, Tj = 25°C 


Reverse Recovery Time =9F°C t= lon 


Reverse Recovered Charge 
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AEN tS 
HHH NGSHINGRS 100 ! 
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cian Wa 


DRAIN CURRENT (lp) — A 


10° 5 10! S102 V 103 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 
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Vos = 25 V, T) = 25°C 
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Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
PULSE TesT| : 80 us PULSE TEST 
or aag Vos = 25 V, T, = 25°C 
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Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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DRAIN-TO-SOURCE ON RESISTANCE (rosion)) — Q 


oo 
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DRAIN CURRENT (Ip) — A 
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Fig. 8 - Typical on-resistance vs. drain current. 
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Fig. 10 - Maximum drain current vs. case temperature. 
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Fig. 12 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 


i HARRIS 


BUZGOB 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-220AB 
° 4.5A, 400V TOP VIEW 


* DS(on) = 1-52 
e SOA is Power-Dissipation Limited 


DRAIN | 
— ———— 
¢ Nanosecond Switching Speeds (FLANGE) Arle 
e Linear Transfer Characteristics | R [GATE 


© High Input Impedance 


® Majority Carrier Device 


Description 


The BUZ60B is an n-channel enhancement-mode silicon-gate | Termina/ Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE = 
drivers, and drivers for high-power bipolar switching transistors - 
ee . . ° D add Lu 
requiring high speed and low gate-drive power. This type can be wy 
operated directly from integrated circuits. z 8 
The BUZ6OB is supplied in the JEDEC TO-220AB plastic package. = = 
G 3s 
= 
Oo 
QO. 
Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
BUZ60B UNITS 
Dipl SOUICE VONEGS oo iicsicis cso wa ad oan sed nseeeens en ons cases eens Vos 400 V 
Drain-Gate Voltage (RES = 2OKID)....w wusnernecnsesscconnccecesnss VDGR 400 V 
Continuous Drain Current 
TO AGSS cvedupiesinssccascinocd nya senssmionsprenaniedse oie Ip 4.5 A 
Pulsed Drain Current 
TE PESTS sass csensvanustennie eeenwevennent reeks meneeennees IDM 18 A 
Gate-Source VONAGE scis stiscssvacccessasv des seuss svnvnsesanvas Ves +20 V 
Maximum Power Dissipation 
THEE sanctacepnponretamerieenceisaesuemaeeneeeiidass ees Pp 75 WwW 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150 oC 
DIN Humidity Category - DIN 40040 .. 1... ccc cece eter e eee E 
IEC Climatic Category = DIN IEG G8+1 6 ic ccs ciccnedsccensmeswis wane cdor 55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications BUZ60B 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


LIMIT 
CHARACTERISTIC TEST CONDITIONS 
| MIN. | Typ. | MAX. — 
Drain-Source Breakdown Voltage BVoss Ves =0V 
_ 400 
Ip = 0.25 mA V 


Gate-Threshold Voltage Vesitn) Vos = Ves 
2.1 3 
lb =1mA 


Zero-Gate Voltage Drain Current Tj = 25°C 


hy = 125°C 
Vos = 400 V, Ves =0V 
Gate-Source Leakage Current less 
Drain-Source On Resistance l'DSton) 
Forward Transconductance Ots 


Input Capacitance Ciss 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss 


Turn-On Time ton taton) 
(ton = tation) + tr) t, 


Turn-Off Time tor taiott) 
(tott = taro + tr) t, 


Thermal Resistance, Junction-to-Case Rasc 
Thermal Resistance, Junction-to-Ambient Rasa 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
UNITS 
CHARACTERISTIC TEST CONDITIONS MIN. | TYP. | MAX. 


Continuous Reverse Drain Current To =25°C i 
Pulsed Reverse Drain Current loam 


— 
=e 
vacownvsre | — | oe [vm | 
= 
aa 


Reverse Recovery Time = 95°C. le= loan | 1000 | — | ns 
Reverse Recovered Charge le/ ra = 100 A/us, Va = 100 V | 5 | = | uC 
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Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction PF 
temperature for all types. 
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Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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Fig. 8 - Typical on-resistance vs. drain current. 
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Fig. 10 - Maximum drain current vs. case temperature. 
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Fig. 12 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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Fig. 11 - Typical source-drain diode forward voltage. 


ioow=83AtL1 1} 1} i Tt tT ttt tt | 

BeRRRERRRE RRR ERS 

BERERERR RESP REREREDRRE 
SeRee 


ae 
SO er 
Skee cRERRERP Ae” Ae 


za 
SSaueSnRuO>45~40nSnGRGRuD 
| eee eae 


0 10 30 40 50 
TOTAL GATE CHARGE (Qc) — nC 


Fig. 13 - Typical gate charge vs. gate-to-source voltage. 


ag HARRIS BUZ71 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-220AB 
° 14A, SOV TOP VIEW 


bd 'DS(on) = 0.10) 


e SOA is Power-Dissipation Limited 


DRAIN a 
Se ———— 
¢ Nanosecond Switching Speeds (FLANGE) a 


e Linear Transfer Characteristics | , L a ATE 


® High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ71 is an n-channel enhancement-mode silicon-gate | Termina/ Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE e 
drivers, and drivers for high-power bipolar switching transistors a 
rae P ie ‘ D P= | Lu 
requiring high speed and low gate-drive power. This type can be uy 
operated directly from integrated circuits. = 8 
The BUZ71 is supplied in the JEDEC TO-220AB plastic package. + > 
G 2% 
= 
re) 
o. 
S 
Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 
BU271 UNITS 
Drain-Source VONAQS ss ccs cscwvss cia ecsseeueceimnsaesseciewaw ses Vos 50 V 
Drain-Gate Vollage (AGG = 20K). cicancssscereass ceeuseuseweses VDGR 50 V 
Continuous Drain Current 
TE OFS inden vic rccnncnwns san nnesnndenesesnsusmawe Kae nnd ae Ip 14 A 
Pulsed Drain Current 
DGS ice ceed gehen aetan ees ewcseesednweussenedeke boeeaes lomM 56 A 
Single Pulse Avalanche Energy", EAS «ccs cccnecnsccescenenes kaa wee wens 100 mj 
Gate-Souwree VONAGE 66 cs severe acaes cae casnarens oun sneceeune nee Ves +20 V 
Maximum Power Dissipation 
TE SG octet and avinedecen seu aeehdins itunes ek eWons Sees ee Gi Pp 40 W 
Operating and Storage Junction Temperature Range............ Ty, Ista -55 to +150 °C 
DIN Humidity Category — DIN 40040 4 cic cvcccscesvccccceons ese wen vase E 
IEG Climatic Category — DIN IEC 6861. 204 cen ccccascecneaeees eae Sewanee 55/150/56 


*Vpop = 10V, starting Tj = 25°C, L = 820yHy, Ineak = 14A, see Figures 14 and 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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Specifications BUZ71 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = +25°C Unless Otherwise Specified. 


LIMITS 
CHARACTERISTICS TEST CONDITIONS | MIN. | TYP. | MAX. | UNITS | 


Drain-Source Breakdown Voltage BVDSS VGS =O0V 
ID =0.25mA 
Gate-Threshold Voltage VGS(th) VDS =VGS 
ID=1mMmA 
Tj = 25°C 20 250 
Tj = 125°C 100 1000 uA 
VDS = 50 V, VGS=0V 
Gate-Source Leakage Current IGSS VGS = 20V : 10 100 
VDS =0V i 


Drain-Source on Resistance rDS(on) VGS =10V 0.1 
i rg 
ID=9A 
Forward Transconductance VDS=25V 
ID=9A 


| InputCapaciance = ss s—i(‘ié‘ iss CC Capacitance Ciss VGS =O0V 
VDS=25V 
f=1 MHZ 


Zero-Gate Voltage Drain Current IDSS 


Output Capacitance Coss 


Crss 

td(on) 
(ton = td(on) + tr) tr 

Turn-Off Time toff td(off) VGS =10V 
(toff = td(off) = tr) RGS =50N 


*VDD = 10 V, starting Tj = 25°C, L = 820 uHy, Ipeak = 14 A, see figure 14 & 15. 


Reverse Transfer Capacitance 


Vcc = 30 V 
ID=3A 


Turn-On Time ton 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


pms 
CHARACTERISTICS TEST CONDITIONS | min. | TYP. | MAX. | UNITS 
Continuous Reverse Drain Current Tc = 259C 
=e 
VGS = OV, Tj = 25°C 


Reverse Recovery Time trr Tj = 259°C, IF = IDR | 120 | 


aoe aoe 


Reverse Recovered Charge dIF/dt = 100 A/us, VR = 30 V uC 
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Figure 1 - Maximum safe operating areas for all types. 
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- Power vs temperature derating curve for all types. 


Figure 2 


of junction temperature for all types. 
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Typical transfer characteristics for all types. 


Figure 5 


Figure 4 - Normalized drain-to-source on resistance 


to junction temperature for all types. 
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Figure 6 - Typical output characteristics. Figure 7 - Typical transconductance vs drain current. 
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Figure 12 - Maximum effective transient thermal impedance, 
junction-to-case vs pulse duration 
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Figure 13 - Typical gate charge vs gate-to-source voltage. 


Figure 15 - Unclamped energy test waveforms. 
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iw HARPS BUZ71A 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Features Package 
TO-220AB 
+ TSA, SOY 7 VIEW 


* (DS(on) = 0.122 


e SOA is Power-Dissipation Limited 


DRAIN 
EE 
e¢ Nanosecond Switching Speeds (FLANGE) fo ai 
EE 


e Linear Transfer Characteristics L. 


GATE 
© High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ71A is an n-channel enhancement-mode silicon-gate | Terminal Diagram 

power field-effect transistor designed for applications such as 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 

requiring high speed and low gate-drive power. This type can be D 

operated directly from integrated circuits. 


The BUZ71A is supplied in the JEDEC TO-220AB plastic package. 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


BUZ71A 


Drain-Source Voltage 50 
Drain-Gate Voltage (Rgs = 20k) 50 
Continuous Drain Current 

13 
Pulsed Drain Current 

To = +259C 48 

Single Pulse Avalanche Energy*, EAS 100 
Gate-Source Voltage +20 
Maximum Power Dissipation 

40 
Operating and Storage Junction Temperature Range -55 to +150 
DIN Humidity Category - DIN 40040 E 
IEC Climatic Category - DIN IEC 68-1 55/150/56 


*Vop = 10V, starting Tj = +25°C, L = 820pHy, Ineqk = 14A, see Figures 14 and 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 941 9 
Copyright © Harris Corporation 1991 
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Specifications BUZ71A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = +25°9C Unless Otherwise Specified. 


CHARACTERISTICS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVDSS VGS =0V 
ID =0.25mA 

Gate-Threshold Voltage VGS(th) VDS = VGS 
ID=1mA 


Tj = 259°C 20 250 
Zero-Gate Voltage Drain Current Tj = 125°C 100 1000 yA 
VDS =50V, VGS=O0V 
Gate-Source Leakage Current IGSS VGS =20V 
VDS=0V 
Drain-Source on Resistance rDS(on) VGS =10V 
ID=9A 


Forward Transconductance VDS = 25 V 
ID=9A 


VGS =0V 
VDS =25V 
Reverse Transfer Capacitance Crss f= 1 MHZ 
Turn-On Time ton Vcc = 30 V 
(ton = td(on) + tr) ID=3A 
Turn-Off Time toff td(off) VGS =10V 
(toff = td(off) = tr) RGS =500 


Thermal Resistance, Junction-to-Case 


*/DD = 10 V, starting Tj = 25°C, L = 820 uHy, Ipeak = 14 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
CHARACTERISTICS TESTCONDITIONS | MIN. | TYP. | MAX. | UNITS 


Continuous Reverse Drain Current To = 25°C 13 
Pulsed Reverse Drain Current IDRM 
Diode Forward Voltage IF=2xIDR 

VGS = OV, Tj = 25°C 


Reverse Recovery Time Tj = 25°C, IF = IDR 
Reverse Recovered Charge QRR 


dIF/dt = 100 A/us, VR = 30V 
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Figure 1 - Maximum safe operating areas for all types. 
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Figure 2 - Power vs temperature derating curve for all types. 
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Figure 3 - Normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Figure 5 - Typical transfer characteristics for ail types. 
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Figure 6 - Typical output characteristics. Figure 7 - Typical transconductance vs drain current. 
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it HARRIS 


August 1991 


Features 

e 9A, 100V 

* 'DS(on) = 9.252 

© SOA is Power-Dissipation Limited 
® Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ72A is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The BUZ72A is supplied in the JEDEC TO-220AB plastic package. 


BUZ/2A 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Package 
TO-220AB 
TOP VIEW 


DRAIN — 
E—— 
(FLANGE) SOURCE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


D 


N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


Drain-Source Voltage 
Drain-Gate Voltage (Rgs = 20k) 
Continuous Drain Current 


Gate-Source Voltage 
Maximum Power Dissipation 


Operating and Storage Junction Temperature Range 
DIN Humidity Category - DIN 40040 
IEC Climatic Category - DIN IEC 68-1 


BUZ72A 
100 
100 

9 


36 


40 
-55 to +150 
E 
55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2262 


Copyright © Harris Corporation 1991 
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Specifications BUZ72A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


LIMIT 
CHARACTERISTIC TEST CONDITIONS 
Drain-Source Breakdown Voltage BVoss Ves =OV 
100 
In = 0.25 mA 
Gate-Threshold Voltage Vestn Vos = Ves 
Ip =1mA 


Zero-Gate Voltage Drain Current loss T; = 25°C 
TF.= 126°C 
Vos = 100 V, Ves =O0V 


= 


NO 
oO 
NO 
nn 
oO 


ine) 


100 1000 UA 


Gate-Source Leakage Current less 


Drain-Source On Resistance lDSton) 
Forward Transconductance Ots 


Input Capacitance Ciss 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss 


~S —_ 
Ww i — 
foe) io) 
— 
= 
oO 
fo a 


| 80 
Turn-On Time ton taton) 
Turn-Off Time torts tatott) | 70 | 9 


(oy) 
nn 
j=) 


Thermal Resistance, Junction-to-Case Rec 


Thermal Resistance, Junction-to-Ambient Rasa 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


ntin Reverse Drain Current | 


~ | © 
Oo} —< 
O 
= 


Pulsed Reverse Drain Current lpbam 


= 
Diode Forward Voltage V lF=2x\l 


Reverse Recovery Time tr T; = 25°C, le = lpr 
Reverse Recovered Charge Qar | dlr/dt = 100 A/us, Va = 30 V 


? 


DRAIN CURRENT (lp) —A 


10° S10! 5 102 103 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 1 - Maximum Safe operating areas for all types. 


4-156 


BUZ72A 


Ss 
1 . 
6 o> 
FE ae 
< oe 
— n” 
cc c 
= . PERE ER ER RAE 
O Hp ta 
= | pe 
eee 
22S RERTRRR RD 
PRC oc oc eee 
TPP 
0 50 100 150°C -50 0 50 100 150 
CASE TEMPERATURE (Te) —<C JUNCTION TEMPERATURE (Ty) — °C 
Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 
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Fig. 8 - Typical on-resistance vs. drain current. Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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@ HARRIS BUZ73A 


N-Channel Enhancement-Mode > 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-220AB 
e 5.8A, 200V TOP VIEW 


Ad DS(on) = 0.602) 
e SOA is Power-Dissipation Limited 


DRAIN ~~ 
e - E————— SOURCE 
® Nanosecond Switching Speeds (FLANGE) DRAIN 
e Linear Transfer Characteristics | , a AT 


® High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ73A is an n-channel enhancement-mode silicon-gate | Terminal Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE = 
drivers, and drivers for high-power bipolar switching transistors i 
requiring high speed and low gate-drive power. This type can be D nT i 
operated directly from integrated circuits. z 8 
The BUZ73A is supplied in the JEDEC TO-220AB plastic package. < = 
c 3 
= 
re) 
a 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
BUZ73A UNITS 
Drali-SOurce VONAGS 2. cos ere cecse sen ensss one neasas te5 50050 eRe Vos 200 V 
Drain=Gate Voltage (Rag = 2OK0)). ons ceccecne cen eeenns sense newes VDGR 200 V 
Continuous Drain Current 
Ve oceans win oan ae uaw eases dep tengo ane ncaress Ponand Ip 5.8 A 
Pulsed Drain Current 
Vie SOONG os cccrscsce nea npsencesct ses pie eesnw vende yeesinnetbs IDM 23 A 
ae ONICe VOUKGS x vce dus seven cu see pen nen Hewes eeeeb ore cee necs Ves +20 V 
Maximum Power Dissipation 
FAS Pe inte nh ate tanh dadeinetsaneancouesecqmurabnoneieenie Pp 40 W 
Operating and Storage Junction Temperature Range............ Ty Tete -55 to +150 oC 
DIN Humidity Gategory — DIN 40040. ...... oc csc ccncaneceessecsers@oes va E 
IEC Climate Category = DIN IEG GSAT «as nes dee cx sew asa scenes ees ena we Ke 55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


File Number 2263 
Copyright © Harris Corporation 1991 
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Specifications BUZ73A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS = UNITS 


Drain-Source Breakdown Voltage BVoss Ves =OV 
200 
Ip = 0.25 mA V 
Gate-Threshold Voltage Vasith) Vos = Ves 
2] 3 
lp =1mA 
20 250 
100 1000 HA 
- 


5 


Zero-Gate Voltage Drain Current Tj = 25°C 
T= 125°C 


Vos = 200 V, Ves =O0V 


Gate-Source Leakage Current lass Ves = 20 V 
Vos =0V 


Drain-Source On Resistance lpsion) Ves = 10 V 


Forward Transconductance Ots 


Input Capacitance Ciss 


ie) 


; = 


: o 
on 


ele 


Output Capacitance Coss 160 pF 
Reverse Transfer Capacitance Crss | — | 50 | 80 | 
Turn-On Time ton tation) 


(ton = tation) + tr) t; 


Turn-Off Time tot taiott) 
(tott = tatot) + t,) t, 


Thermal Resistance, Junction-to-Case Resc as 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 
lpr 


Continuous Reverse Drain Current To = 25°C j 
— 
Pulsed Reverse Drain Current lpr Po f = | 


Diode Forward Voltage Vsp lr = 2 X lpr 14 17 Vy 
Ves =OV, T)= 25°C 


Reverse Recovery Time tre T= 25°C, le= lon | = | 20 | -— | ns 
Reverse Recovered Charge Qar |dlr/dt = 100 A/us, Va = 100 V fF — | o6 | — | uC 


LIMITS 
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Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Normalized gate threshold voltage as a function 
of junction temperature for all types. 
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DRAIN-TO-SOURCE ON RESISTANCE 
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Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 
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Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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Fig. 8 - Typical on-resistance vs. drain current. 
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THERMAL RESPONSE (Zinsc) 
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Fig. 12 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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GATE-TO-SOURCE VOLTAGE (Ves) — V 


CAPACITANCE (C) — nF 


DRAIN-TO-SOURCE VOLTAGE (Vps) — V 


Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 


it HARRIS BUZ76 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
TO-220AB 
® 3A, 400V TOP VIEW 


® 'DS(on) = 1.890 
e SOA is Power-Dissipation Limited 


DRAIN aaa 
H E—— 
e Nanosecond Switching Speeds (FLANGE) eek 
® Linear Transfer Characteristics | , [$$ — GATE 


® High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ76 is an n-channel enhancement-mode silicon-gate | Termina/ Diagram 
power field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE -_ 
drivers, and drivers for high-power bipolar switching transistors - 
ee ° . s D aul Liu 
requiring high speed and low gate-drive power. This type can be uy UL 
operated directly from integrated circuits. = re 
The BUZ76 is supplied in the JEDEC TO-220AB plastic package. = = 
G 2 
= 
re) 
QO. 
Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
BUZ76 UNITS 
DRA OIGS VANS nas abc cad casei nd aws cane teaveanh ees ove aes os Vos 400 V 
Drain-Gate Voltage (RGSS = 2OKI2) 0.0 csrescnsevseneaweseeeumness VDGR 400 V 
Continuous Drain Current 
Ce ane Soc ase drum ed sansa) dawanenrndeaeianebe sed aan 1608 Ip 3 A 
Pulsed Drain Current 
Li tenes PEEP TLE OTTE TOLL LEL ERT ET er Cer eer ee ee eee re Te IDM 12 A 
GHie-SOUrGS VONAGG boss cceses scares net easeseweon sen ene eeaenans Vas +20 V 
Maximum Power Dissipation 
Fe IG sus nay anu sngate ddbanatevedsersetss ideas dosenewens Pp 40 Ww 
Operating and Storage Junction Temperature Range............ Ty TSTG -55 to +150 oC 
DIN Humidity Category = DIN 40040 ... ..cascrenasese res cevsensenuceses S 
IEC Climatic Category = DIN IEC G8 =1 . nacwecccccaecenae nacus guanse vases 55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


: File Number 2264 
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Specifications BUZ76 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC TEST CONDITIONS | LMITS UNIT 
| ___omanacterisnic | est conomons | ig Stn aaa NTS 
Drain-Source Breakdown Voltage BVoss Ves =O0V 

lp = 0.25 mA y 


Vos = Ves 


Gate-Threshold Voltage Vesith 


Zero-Gate Voltage Drain Current 
Tj = 125°C 
Vos = 400 V, Ves =O V 


Gate-Source Leakage Current lass 


Drain-Source On Resistance pston) 


Forward Transconductance 


Input Capacitance 


Output Capacitance Coss 


Reverse Transfer Capacitance 


Turn-On Time ton 
(ton = taiom + tr) 


Turn-Off Time tor 
(tote = tao + tr) 


Thermal Resistance, Junction-to-Case Resc 
Thermal Resistance, Junction-to-Ambient Resa 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
CHARACTERISTIC TEST CONDITIONS MIN. | TYP. | UNITS 
TYP. [MAX 


i Reverse Drain Current | 
Pulsed Reverse Drain Current lprm Fo | ft 


Diode Forward Voltage Vsp lr = 2 X lpr 14 14 Vv 
Ves =OV, Tj) = 25°C : 
tr 
RR 


Reverse Recovered Charge, Qrr [Glr/dt = 100 A/us, Va = 100 V Fo | 25 fo uC 


< 10' Mail ett A 

0 rh 

~ [_tLItiy ~ 

G so LUI NG 

a SS oa SSeS 

8 5 SSH Snel 

Pa a il 

< PT TESS Nei 

Se LL TIME I Neots 
5 


10° S10 5 102 103° 
DRAIN-TO-SOURCE VOLTAGE (Vps) — V 


Fig. 1 - Maximum safe operating areas for all types. 
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BUZ76 
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Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for ali types. 


80 ws PULSE 


80 us PULSE TEST 
Vos = 25 V, T, = 25°C 


Yn 
< § | 
E 
= Ww 
E O 3 
5 = 
iT < 
ac 4 iz 
na O 
S a 
O =| 2 
z 6 
< O 
a Z 
EIA LT TT tt 
oa 
ieee 
ASEEEEE PLE TT ETT Tt 
0 0 
0 60 80 0 1 2 3 4 5 
pepe aie VOLTAGE (Vos) — V DRAIN CURRENT (Ip) — A 
Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 
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BUZ76 


DRAIN-TO-SOURCE ON RESISTANCE (rosion)) — Q 


DRAIN CURRENT (Ip) — A 


Fig. 8 - Typical on-resistance vs. drain current. 


Ves > 10 V 
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Fig. 10 - Maximum drain current vs. case temperature. 


THERMAL RESPONSE (Ztnsc) 


10° 5 10” Ss ic 5 10? 5 107 5 10 10! 
RECTANGULAR PULSE DURATION (t:) — S 


Fig. 12 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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GATE-TO-SOURCE VOLTAGE (Ves) — V 


1 
| —_——— 
| Vas = 0, f = 1 MHz 
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CAPACITANCE (C) — nF 
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DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 


w HARRIS BUZ/6A 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Features Package 


° 2.6A, 400V cleans 


TOP VIEW 


* 'DS(on) = 2-52 
© SOA is Power-Dissipation Limited 


DRAIN aa | 

> —— 
e Nanosecond Switching Speeds (FLANGE) sae 
e Linear Transfer Characteristics | a 


GATE 


¢ High Input Impedance 


e Majority Carrier Device 


Description 


The BUZ76A is an n-channel enhancement-mode silicon-gate | Terminal Diagram 

power field-effect transistor designed for applications such as 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 

requiring high speed and low gate-drive power. This type can be D 

operated directly from integrated circuits. 


The BUZ76A is supplied in the JEDEC TO-220AB plastic package. 


” 
tu 
a lk 
= WY 
=O 
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35 
za 

re) 
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Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 


BUZ76A 


Drain-Source Voltage 400 
Drain-Gate Voltage (Rgs = 20k2) 400 
Continuous Drain Current 

2.6 


10 
Gate-Source Voltage +20 
Maximum Power Dissipation 

40 
Operating and Storage Junction Temperature Range -55 to +150 
DIN Humidity Category - DIN 40040 E 
IEC Climatic Category - DIN IEC 68-1 55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications BUZ76A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS = 


wine. 
Ves =O V 
Ip = =0.25mA V 
ae = Ves 
=1mA 


Tj = 25°C 
Tj = 125 °C 
Vos = 400 V, Ves =0OV 


N 
oO 


wo;n 
a} oO 


Reverse Transfer Capacitance 


Turn-On Time ton 
(ton = tation) + tr) 


Turn-Off Time ton 


300 500 
pF 
(tote = tao + tr) 


Thermal Resistance, Junction-to-Case 
= °C/W 


Thermal Resistance, Junction-to-Ambient 


fon) 
oO 
[°)) 
on 


= 
on 
i=) 


no 

=i 
nN 
nm 
nm 
oO 
BE 


wo 
io) 


TEST CONDITIONS 


lp =2x lpr 
Vag= 0 V, Tj = 26 °C 
Tj = 25° C, lr = lor 
Reverse Recovered Charge Qrra |dlr/dt = 100 A/us, Va = 100 V 


DRAIN CURRENT (lp) — A 


10° 5 10' 5 10? 103 
DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum Safe operating areas for all types. 
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BUZ76A 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Normalized gate threshold voltage as a function 


of junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 
temperature for all types. 
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Fig. 6 - Typical output characteristics. Fig. 7 - Typical transconductance vs. drain current. 


4-169 


DRAIN-TO-SOURCE ON RESISTANCE (rpsiom) — Q 


DRAIN CURRENT (lp) —A 


Fig. 8 - Typical on-resistance vs. drain current. 
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Fig. 10 - Maximum drain current vs. case temperature. 
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Fig. 12 - Maximum effective transient thermal impedance, junction- 


to-case vs. pulse duration. 
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Fig. 9 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical source-drain diode forward voltage. 
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Fig. 13 - Typical gate charge vs. gate-to-source voltage. 


it HARRIS IRF120, IRF121 
IRF122, IRF123 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-204AA 
¢ 8.0A and 9.2A, 80V - 190V BOTTOM VIEW 
* DS(on) = 0-27 and 0.362 
° SOA is Power-Dissipation Limited SOURCE elias 
p Lo (FLANGE) 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics A 
e High Input Impedance 
e Majority Carrier Device eal 
Description 
The IRF120, IRF121, IRF122, and IRF123 are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, N-CHANNEL ENHANCEMENT MODE “ 
switching converters, motor drivers, relay drivers, and drivers feos 
for high-power bipolar switching transistors requiring high D “ Ta 
speed and low gate-drive power. These types can be operated z rs 
directly from integrated circuits. = = 
The IRF types are supplied in the JEDEC TO-204AA steel © 7 
package. G zs 
Oo 
o. 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF120 IRF121 IRF122 IRF123 UNITS 
Drain-Source Voliade (7) cicccccusvccstavsus svacwancws Vos 100 80 100 80 V 
Drain-Gate Voltage (RGs = 20k) (1)........ eee eee VDGR 100 80 100 80 V 
Continuous Drain Current 
Ty FE cccsascecnenanescasceaonseesecn es canoes ID 9.2 9.2 8.0 8.0 A 
TE MANGO ac esecanae ner haussanarenareeesseenmes ID 6.5 6.5 5.6 oa. A 
Pulsed Drain Cument(S) ccacccnsuxaces ne beanisnennewas loM 37 37 82 32 A 
Gate-Source Voltage 1. cccssccssccsvvasniavescnaeses Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
Fro oxk weeks ek Oh dnv asi orecen¥ok vdeuceerss Pp 60 60 60 60 W 
Linger Dera FaCtGl as cccvccas acc dwreece ves eeadur eee eon 0.4 0.4 0.4 0.4 W/°C 
lniductive Current, Clamped a0 cc« va sanesacenvesnauns ILM 32 32 28 28 A 
(See Figures 14 and 15, L = 100uH) 
Operating and Storage Junction ............e eee ee Ty IsTqG -S5to+175 -S55tot+175 -55to+175 -55to+175 od © 
Temperature Range 
Maximum Lead Temperature for Soldering.............-. TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF120, IRF121, IRF122, IRF123 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_ | VGs=OV, Ip =-250yuA 
IRF120, IRF122 


IRF121,1IRF123 


Gate Threshold Voltage VasctH) | Vps = Vas; !p =-250uA 
Gate-Source Leakage Forward lass Vas = 20V 
Gate-Source Leakage Reverse loss |Vas=-20V 


Zero Gate Voltage Drain Current Ipss__—| Vos = Max Rating, Vqs = OV 


On-State Drain Current (Note 2) 
IRF120, IRF121 


IRF122,1IRF123 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF120, IRF121 


IRF122.1RF123 


Forward Transconductance (Note 2) Sts Vps > IDION) X (DS(ON) Max: !p = 5.6A | 29 | 40 | - | 
Input Capacitance iss. | Vag = OV, Vps = 25V, f = 1.0MHz | = | S30 | = | 


Vps > !D(ON) X "DS(ON) Max: V@s = 10V 


ID(ON) 


TDS(ON) | VGS = 10V, Ip = 5.6A 


| 80 | - 

| 2.0 

a 

ae a 

ae a 
Ty = +150°C 

| 80 | - 


i 


Output Capacitance Goss _| See Figure 10 es ee 
Reverse Transfer Capacitance Crss | - | 3 {| - | p 
Turn-On Delay Time Vpp = 50V, Ip = 9.2A, rd = 5.19, Rg = 182 
Rise Time See Figure 16. (MOSFET switching times 30 

Pepe TMM ee antaityindaperdomatecesting ja 
Turn-Off Delay Time iglOFF ee ee 


Total Gate Charge | 2 | 

(Gate-Source + Gate-Drain) 
[Gate-SourceGharge_——S*dtCgs 
Gate-Drain (“Miller”) Charge | Qqd | 


Internal Drain Inductance Measured between Modified MOSFET 
the contact screw on | symbol showing the 
header thatiscloser | internal device 
to source and gate inductances. 
pins and center of 
die. 

Internal Source Inductance Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


VGS = 10V, Ip = 5.6A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Junction-to-Case 
Case-to-Sink Rocs __ | Mounting surface flat, smooth and greased 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Diode Forward Voltage (Note 2) Vsp To = +250C, Is = 9.2A, Ves = OV 

Reverse Recovery Time Ty = +259C, IF = 9.2A, dif/dt = 100A/us 

Reverse Recovered Charge Ty = +259C, Ip = 9.2A, dif/dt = 100A/ps 

Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 

speed is substantially controlled byLs +Lp. 

NOTES: 
1.Ty= +25°C to +150°C 3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. See Transient Thermal Impedance Curve (Figure 5) 
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IRF 120, IRF121, IRF122, IRF123 
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IRF 120, IRF121, IRF122, IRF123 
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IRF 120, IRF127, IRF122, IRF123 
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it HARRIS IRF130/131/132/133 
IRF130R/131R/132R/133R 


N-Channel Power MOSFETs 
May 1992 Avalanche Energy Rated* 


Features Package 
° 12A and 14A, 80V - 100V 
* rDS(on) = 0.162 and 0.232 


TO-204AA 
BOTTOM VIEW 


DRAIN 
¢ Single Pulse Avalanche Energy Rated* J (FLANGE) 


¢ SOA is Power-Dissipation Limited “O- 
e Nanosecond Switching Speeds O A O 


e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRF130, IRF131, IRF132, and IRF133 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRF130R, IRF131R, IRF132R, and IRF133R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


—___ 


The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRF130 IRF131 IRF132 IRF133 
IRF130R IRF131R IRF132R IRF133R 


Drain-Source Voltage (1) 100 80 100 80 
Drain-Gate Voltage (RGs = 20k) (1) 100 80 10 80 
Continuous Drain Current 
To = +25°C 14 14 12 12 
To = +1009C 9.9 9.9 8.3 8.3 
Pulsed Drain Current (3) 56 56 48 48 
Gate-Source Voltage +20 +20 +20 +20 
Maximum Power Dissipation 79 79 19 79 
Linear Derating Factor 0.53 0.53 0.53 0.53 
Inductive Current, Clamped 56 56 48 48 
(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4) 50 50 50 50 
Operating and Storage Junction -55to+175 -55to+175 -55to+175 -55to+175 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
_ Ty = +25°C to +1509C. 4.Vpp = SOV, staring Ty = +25°C, L = 380uH, Rgg = 250, 
. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK ™ 14A. See Figure 15. 


. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 


R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 


File Number 1566.2 
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IRF130, IRF131, IRF132, IRF133 IRF130R, IRF1317R, IRF132R, IRF133R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


aa ini funn 


Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250pA 
IRF130/132, IRF130R/132R 100 V 
IRF131/193, IRFISTR/TOSR so {| - | - | v_ 
Gate Threshold Voltage VasctH) | Vos =VGs; Ip = 250uA | 20 | - | 40 | vi | 


Gate-Source Leakage Forward less | Vas =20V fF = | = {| 100 | nA | 

Gate-Source Leakage Reverse less |VGg=-20V | = | -  [ -100 | nA | 

Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vag = OV | = | - {| 250 | pA | 
14 


Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
Ty = +1259C 
eet 
A 
N 


On-State Drain Current (Note 2) 
IRF130/131, IRF130R/131R 


a a ee 


| | ore | are 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF130/131, IRF130R/131R 


[= [ote [023 [a 
Forward Transconductance (Note 2) | gts | 46 [| 69 | - | S@) 
Input Capacitance Ciss GS = OV, Vps = 25V, f = 1.0MHz | - | 600 {| - | pF | 
Output Capacitance Goss _| S#¢ Figure 10 [= [300 | - | oF | 
Reverse Transfer Capacitance Crss | = | 0 | = | pF | 
Turn-On Delay Time | taon) _| Yop = 50V, Ip = 14A, Rg = 122 Le OO 
Rise Time t See Figure 16. (MOSFET switching times 75 
oeseanelvideneimicioeading  ([estieasiectecgls acl al! 
Turn-Off Delay Time td(OFF)_| temperature) | - | - {| 40 | 1s | 
Fall Time | te a ee 
Total Gate Charge Vas = 10V, Ip = 14A, Vps = 0.8 Max 18 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of | - | 55 | - | nc | 


operating temperature.) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


Internal Drain Inductance 


internal Source Inductance 


Junction-to-Case C 
Case-to-Sink Rocs_ | Mounting surface flat, smooth and greased 


Junction-to-Ambient 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 


Continuous Source Current 
(Body Diode) 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


Ty = +25°C, Ig = 14A, Vgg = OV 
Ty = +2509C, Ip = 14A, di¢/dt = 100A/us 
Ty = +2596, Ip = 5.5A, di¢/dt = 100A/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 380yH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, Ipeak = 145A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF130, IRF1317, IRF132, IRF133 IRF130R, IRF1317R, IRF132R, IRF133R 
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IRF 130, IRF131, IRF132, IRF133 IRF130R, IRF131R, IRF132R, IRF133R 
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IRF 130, IRF1317, IRF132, IRF133 IRF130R, IRF1317R, IRF132R, IRF133R 
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FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
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ig? HARRIS IRF140/141/142/143 
IRF140R/141R/142R/143R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
e 28A and 25A, 80V - 100V Li sdtinnia 
sl ; BOTTOM VIEW 
* DS(on) = 0.0772 and 0.102 
DRAIN 
° Single Pulse Avalanche Energy Rated* SOURCE / (FLANGE) 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF140, IRF141, IRF142, and IRF143 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRF140R, IRF141R, IRF142R, and IRF143R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as _ switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AE steel S 
package. 
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Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRF140 IRF141 IRF142 IRF143 
IRF140R IRF141R IRF142R IRF143R UNITS 

Drain-Source Voltage (1) .2c. sie sicarassccsedacvesess Vos 100 80 100 80 V 
Drain~Gate Voltage (RG@S = 20kK2D) (1)... 2... ne enennnes VDGR 100 80 100 80 V 
Continuous Drain Current 

Te SES 6 pats cetna cna sndagawadtiawiegevddnes Ip 28 28 25 25 A 

Tl FOO cibieacapad pesos ndcdseeeedcdseanodes eons Ip 20 20 17 17 A 
Pulsed Drain CUmetS) ss kcc cnn seca sae eedeewentinn wes IDM 110 110 100 100 A 
AtO=BOUICE VONEGS sccuxvecneeranewesagaeuandu ana Ves +20 +20 +20 £20 V 
Maximum Power Dissipation 1.20 ccsicseevecscccaswnness Pp 150 150 150 150 W 
Linger DEMING FACT 66s 006 ce ceadcekstconswaoes ca nws ead 1.0 1.0 1 10 W/°C 
inductive Current, ClaMped ax cin neane cee vce annnne saree ILM 108 108 96 96 A 

(See Figure 14, L = 100uh) 
Single Pulse Avalanche Energy Rating (4).............. Eas* 100 100 100 100 miJ 
Operating and Storage Junction ...............06. Ty 'eTq ~55to+175 -55to+175 ~55to+175 -55t0+175 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... Th. 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4.Vpp = 25V, starting Ty = +25°C, L = 190uH, Reg = 25N, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PERE = Se. She Figaro. 
3. Repetitive Rating: Pulse width limited by max junction temp. See 

Transient Thermal Impedance Curve (Figure 5). 
* R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2306 1 


Copyright © Harris Corporation 1991 
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IRF 140, IRF141, IRF142, IRF143 IRF140R, IRF141R, IRF142R, IRF143R 


Electrical Characteristics Tc = +259C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_ | Vas = OV, Ip = 250ynA 
100 Vv 
L eS 


IRF140/142, IRF140R/142R 

IRF141/143, IRF141R/143R 
[Gate TeshoidVotage | Vaagimy [Vos = Vas, b= 28:8 0 a 
[Gate-SourceLeskegaronad | lass [Was=20v toe 
[Gate-SourceLeakagefleverse | lass [Vas ==200 = =t00 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgs = OV | - | - | 260 | pA | 


Vps = Max Rating x 0.8, Vas = OV, 1000 yA 
Ty = +1259C 


On-State Drain Current (Note 2) 
IRF140/141,IRF140R/141R 


IRF142/1 43, IRF142R/143R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF140/141, IRF140R/141R 


IRF142/143, IRF142R/143R 


Forward Transconductance (Note 2) | gts_—_— 
Coss 
CRSS 


ID(ON) | VDS> !D(ON) X DS(ON) Max: VGs = 10V 


pp 


> 


8.7 13 | - | SU) 
Input Capacitance Ciss GS = OV, Vps = 25V, f = 1.0MHz | = | 1275 | - | pF | 
Output Capacitance ne Figure 10 ee 
Reverse Transfer Capacitance | = | 160 | - | pF I 
Turn-On Delay Time ton) _| VoD = 50V, Ip = 268, Rg =9.19 es ee 
Rise Time See Figure 16. (MOSFET switching times o7 110 
eT terete | (= | ns 
Turn-Off Delay Time td(OFF)_| temperature) | - | 3 | 60 [{ ns | 
Fall Time a 
Total Gate Charge VGs = 10V, Ip = 28A, Vps = 0.8 Max 38 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
te-S Ch (Gate charge is essentially independent of 
Gate-Drain ("Miller )Charge | Qua ee Le oa 
Internal Drain Inductance Lp Measured between Modified MOSFET 5.0 nH 
the contact screw on | symbol showing the 
header thatiscloser | internal device 
to source and gate inductances. 
pins and center of 
center of die. 
Internal Source Inductance Ls Measured from the 12.5 nH 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 
Janction-to- Case Rouc ee 
Case-to-Sink Recs | Mounting surface flat,smoothandgreased | - | 0.1 [| - | OCW | 
salina eh [ee 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 

integral reverse 

P-N junc. rectifier. G 


Ty = +259C, Is = 28A, Vgg = OV 
Ty = +259C, Ip = 28A, dig/dt = 100A/us 70 
Ty = +259C, Ip = 5.5A, die/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current Ism 
(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


= 
.@) 


on 

oO 
kk 
=" 
oO 


2/8 
O10 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°C, L = 190yH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, IpeEAK = 28A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 


4-182 


IRF140, IRF141, IRF142, IRF143 IRF140R, IRF141R, IRF142R, IRF143R 
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IRF 140, IRF1417, IRF142, IRF143 IRF140R, IRF1417R, IRF142R, IRF143R 
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IRF 140, IRF7141, IRF142, IRF143 IRF140R, IRF1417R, IRF142R, IRF143R 


SEE 
SSO S207 ana 

ee ee 
PETE NS 
ss 


DRAIN-TO-SOURCE ON RESISTANCE 
° 


Ip. ORAIN CURRENT (AMPERES) 


€ 
= 
on 
oe 
0. ) 
25 50 75 100 125 150 175 
Ip. DRAIN CURRENT (AMPERES) To. CASE TEMPERATURE (°C) 
FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 


TEMPERATURE 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


whe 
Vas= 10V}<- 
p 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


tp 


re 


Res 


E, = 0.5BVpsg Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 
BATTERY | KF 
vn oes 


PULSE WIDTH < 14S -Vps 
DUTY FACTOR < 0.1% IG CURRENT —— Ip CURRENT 
SAMPLING RESISTOR “~ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 


4-185 


C7) 
tu 
a ic 
= 
=O 
{= 
Lo 
28 
= 

re) 
0. 


i HARRIS IRF150/151/152/153 
IRF150R/151R/152R/153R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 
TO-204AE 
© DS(on) = 0.0552] and 0.08 


DRAIN 
¢ Single Pulse Avalanche Energy Rated* Pé (FLANGE) 


¢ SOA is Power-Dissipation Limited “O- 
e Nanosecond Switching Speeds O 6 O 


e Linear Transfer Characteristics 


e High Input Impedance 


Description ; 


The IRF150, IRF151, IRF152, and IRF153 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRF150R, IRF151R, IRF152R, and IRF153R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AE steel 
package. 


Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 


IRF150 IRF151 IRF152 IRF153 
IRF150R IRF151R IRF152R IRF153R UNITS 


Drain-Source Voltage (1) 100 100 
Drain-Gate Voltage (RGs = 20k) (1) 100 
Continuous Drain Current 


To = +1009C 

Pulsed Drain Current (3) 

Gate-Source Voltage 

Maximum Power Dissipation (See Fig. 14) 

Linear Derating Factor 

Inductive Current, Clamped 
(See Figure 14, L = 100uH) 

Single Pulse Avalanche Energy Rating (4) 

Operating and Storage Junction -55to+150 -55to+150 -55to+150 -55to+150 

Temperature Range 

Maximum Lead Temperature for Soldering 300 300 300 300 

(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Ty = +25°C to +150°C. 4.Vpop = 10V, starting Ty = +25°C, L = 170yH, Reg = 50N, 

2. Pulse Test: Pulse width < 300s, Duty Cycle < 2%. Pe = Sere ee 

3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number | 824 1 
Copyright © Harris Corporation 1991 . 
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IRF 150, IRF1517, IRF152, IRF153 IRF150R, IRF1517R, IRF152R, IRF153R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_|VGs=OV, Ip = 250uA 
100 Vv 
ee ee ee 


IRF150/152, IRF150R/152R 

IRF151/153, IRF151R/153R 
[Gate ThresholdVoltage | Vasqmm [Vos=Vos,p=280uA——SC~=~“~*~—*~‘~sC SCC CT 
[Gate-SourceLeakage Forward | Igss [Ves=20v_ SS ~~ 
[Gate-Source LeakageReverse | Igss_|Ves=-20V SSCS «SY id; 10m 


Zero Gate Voltage Drain Current IDss Vps = Max Rating, Vgs = OV 250 yA 


Vps = Max Rating x 0.8, Vgs = OV, yA 
Ty = +1259C 


On-State Drain Current (Note 2) 
IRF150/151, IRF150R/151R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF150/151, IRF150R/151R 


Vas = OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


Reverse Transfer Capacitance 
Turn-On Delay Time tqdion) | Vpp = 24V, Ip = 20A, Zg = 4.79. 
sea otgada oe pieck to 
- are essentially independent of operating 
Turn-Off Delay Time td(OFF temperature) 
Fall Time | te 
Total Gate Charge | Oo | Vas = 10V, Ip = 50A, Vps = 0.8 Max 


(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


Gate-Source Charge | Qgs | (Gate charge is essentially independent of 


operating temperature. 
Gate-Drain (“Miller”) Charge | Qgq | ‘ =_— ) 


Internal Drain Inductance Measured between Modified MOSFET 
the contact screwon | symbol showing the 
header thatis closer | internal device 

to source and gate inductances. 

pins and center of 

center of die. 

Measured from the 

source lead, 6mm 

(0.25”) from header 

and source bonding 

pad. 


Junetion-to-Case NT 
Case-to-Sink Recs | Mounting surface flat, smooth and greased 


Junction-to-Ambient R@JA Free air operation 


Continuous Source Current Modified MOSFET 2) 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Diode Forward Voltage (Note 2) Vsp Ty = +259C, Is = 40A, Vag = OV 
Reverse Recovery Time ter Ty = +1509C, Ip = 40A, dif/dt = 100A/ys 


ue) 


= 
1?) 


sis 
=| © 


Internal Source Inductance 12.5 


E : 
Oo . 
oO 
” 
i | ~~ 


I 


oO 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 


speed is substantially controlled by Ls + Lp. 


Reverse Recovered Charge | QrR_ | Ty=+259C, Ip = 5.5A, dig/dt = 100A/us 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 10V, Start Ty = +25°9C, L = 170yH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 50, Ipeak = 40A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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Zrnyc!t/Rinyc. NORMALIZED EFFECTIVE TRANSIENT 


THERMAL IMPEDANCE (PER UNIT) 


IRF 150, IRF1517, IRF152, IRF153 IRF150R, IRF157R, IRF152R, IRF153R 


50 


10V fy | 80 vs PULSE TEST Zz 


40 


Ip, DRAIN CURRENT (AMPERES) 


30 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 


80 us PULSE TEST 


Ip, DRAIN CURRENT (AMPERES) 


0 04 08 12 16 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 
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TT SINGLE PULSE (TRANSIENT 
a THERMAL IMPEDANCE) 
te : 


32 
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Ip, DRAIN CURRENT (AMPERES) 


Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 4. MAXIMUM SAFE OPERATING AREA 


1 DUTY FACTOR. DO: . 
_ 2. PER UNIT BASE = Rinjc = 083 DEG CW 


3. Tym - To = Pom Zinsclt) 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF 150, IRF757, IRF152, IRF153 IRF150R, IRF1517R, IRF152R, IRF153R 


Qfs. TRANSCONDUCTANCE (SIEMENS) 


Inn. REVERSE DRAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) Vsp. SOURCE TO DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
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BV pss. DRAIN TO SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE 19°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 
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SEE FIGURE 18 
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FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 


4-189 


Ves= 10V 


IRF 150, IRF157, IRF152, IRF153 IRF150R, IRF1517R, IRF152R, IRF153R 


Rosion) MEASURED WITH CURRENT PULSE OF 


20 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Rosion). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Ip, ORAIN CURRENT (AMPERES) 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


DUT 


I 


E,= 0.5BVpsg Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 
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FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 
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FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 


VARY 


REQUIRED PEAK I, 


Vgs= 10V 


Y 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
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FIGURE 17. GATE CHARGE TEST CIRCUIT 


SAMPLING RESISTOR 


ig? HARRIS IRF220, IRF221 
IRF222, IRF223 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features Package 


e 4.0A and 5.0A, 150V - 200V eae 


* DS(on) = 0.82 and 1.2 


; — : — DRAIN 
e SOA is Power-Dissipation Limited SOURCE # (FLANGE) 
® Nanosecond Switching Speeds 
e Linear Transfer Characteristics O O 
e High Input Impedance 
GATE 
¢ Majority Carrier Device 
Description 
The IRF220, IRF221, IRF 222, and IRF223 are n-channel Terminal Diagram 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, N-CHANNEL ENHANCEMENT MODE o 
switching converters, motor drivers, relay drivers, and drivers i 
for high-power bipolar switching transistors requiring high D = ve 
speed and low gate-drive power. These types can be operated = re 
directly from integrated circuits. c= 
Lo 
The IRF types are supplied in the JEDEC TO-204AA steel Ow 
package. G zs 
re) 
a. 
S 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
IRF220 IRF221 IRF222 IRF223 UNITS 
Drail Source Yousde (1) osu ccecvanwandan ena eeseee ne Vps 200 150 200 150 V 
Drain-Gate Voltage (RGs = 2OKS2) (1)... 2... enecee VDGR 200 150 200 150 V 
Continuous Drain Current 
TPS aes er cient dee nen nbcsdeecee nea nenten cedt ID 5.0 5.0 4.0 4.0 A 
Te PI0IPTEG sitet sche reteecatdonvsnesiewesaswaneas Ip 3.0 3.0 25 25 A 
Pulsed Drain Curent (S) a. osc ccd ccc cccasinn sens gecvcnes IDM 20 20 16 16 A 
GEIS" SOUrGS VOURGS sascdacderensaeersanseaweeendes Vas +20 +20 +20 #20 V 
Maximum Power Dissipation 
Te = +25°C (See Figure 14) vsccsscesnnsnncewnmsaanns Pp 40 40 40 40 W 
Linear Derating Factor (See Figure 14) .......... 0. eee eee 0.32 0.32 0.32 0.32 W/°C 
Inductive Current, GCIRMNDE” siccccecceteeseasnascanen oe ILM 20 20 16 16 A 
(See Figures 14 and 15, L = 100uH) 
Operating and Storage JUNCTION ..... 2. ce ccee ven Ty Istq@ -5O0to+150 -50to+150 -50to+150 -50to+150 °C 
Temperature Range 
Maximum Lead Temperature for Soldering............... Th 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. File Number 1 567.1 


Copyright © Harris Corporation 1991 
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Specifications [RF220, IRF221, IRF222, IRF223 


Electrical Characteristics @T¢ = 25°C (Unless Otherwise Specified) 
| Parameter | sType = Min. [ Typ. [| Max. | Units [Test Conditions 


BVpss__ Drain - Source Breakdown Voltage IRF220 Vv 
IRF222 
fiaza | vs | - | - | 


[Vasithy Gate Threshold Voltage |= ALLS| 2.0 ~(| — | 40 [| Vv | Vos = Vas.lp = 250A 
Pigss _Gate-Source LeakageForward | AL | — | — | 100 | nA | Vos-20V. CS 
Tigss Gate-SourceLeakageReverse | aul_| — | — |-100[ nA | Vos--20V Cd 
ipss Zero Gate Voltage Drain Current P= [= [280 [a Vps=Max:Reting Vgg= OVC 


Vos? 'pion) * Rosion) max.’ Yas = 10V 


ID(on) - On-State Drain Current @ 


Rpsion) Static Drain-SourceAn-State 
Resistance 


IRF220 
IRF221 


Ves = 10V, Ip = 2.5A 


Vos > '!pion) * Roston) max.’ |p = 2:54 


Ves = OV. Vps = 25V,f = 1.0 MHz 
See Fig. 10 


Sts Forward Transconductance @) 
Ciss Input Capacitance 
Coss Output Capacitance A 
Crss Reverse Transfer Capacitance 
Lf 
f 


Uv 
— 


no] 
— 


= 502 


tdion) | Turn-On Delay Time 


See Fig. 17 


(MOSFET switching times are essentially 
independent of operating temperature.) 


ie) 


= | 
7) 


tgioff) | Turn-Off Delay Time 


Q Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


g 
Qg Gate-Source Charge 
a 


Vos = 10V, Ip = 6.0A, Vos = 0.8 Max. Rating. 
See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 


=] 


3 
oO 


ALL 
ALL 
LL 
LL 
LL 
LL 
LL 
LL 
LL 
EL 
LL 


A 
A 
A 
A 
A 
A 
A 
A 


‘ : 
Qgg Gate-Drain (‘‘Miller’’) Charge 


Lp Internal Drain Inductance 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 


Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 


Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 


Ls Internal Source Inductance 


Thermal Resistance 


Rthcs Case-to-Sink | 0.1 | 
Rthya _Junction-to-Ambient 


Mounting surface flat, smooth, and greased. 


Free Air Operation 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 


Continuous Source Current 
(Body Diode) 


IRF220 
meat | - [- [so] a | 
IRF222 
IRF223 
IRF220 


IRF222 

IRF223 

IRF220 apres ~ ‘ 

IRF221 Se 2.0 Tc = 25°C, Ig = 5.0A, Vag = OV 
= fen Cig A eg 
P| 380 | 


[a 
IRF223 
P [rs [Ty = 150°C ip = BOA, dipfat = 100AInS 
es oe 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


Or, = 25°C to 150°C. @Pulse Test: Pulse width < 300us, Duty Cycle < 2%. (©) Repetitive Rating: Pulse width limited 
by max. junction temperature. 
See Transient Thermal Impedance Curve (Fig. 5). 


Ism Pulse Source Current 
(Body Diode) @) 


Diode Forward Voltage @ 


» 
w 
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Zehsclt)/Rynyc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


IRF220, IRF221, IRF222, IRF223 


| | H 
80 us PULSE TesT-—__} 4 


__ Vos > 'p(on) * Ros(on) max. 
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+ Ty 250c4 
+ Ty 55°C 4 
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Vps, DRAIN TO SOURCE VOLTAGE (VOLTS) Vs. GATE TO SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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50 100 200 500 
Vos. OFAIN-TO-SOURCE VOLTAGE (VOLTS) 
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Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 


1. DUTY FACTOR, D = it 


SINGLE PULSE (TRANSIENT 
THERMAL IMPEDANCE) a 2. PER UNIT BASE = Ripnjc = 3.12 DEG. C/W. 


3. Tym - Tc = Pom Zthsclt). 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF220, IRF221, IRF222, IRF223 


Qfs, TRANSCONDUCTANCE (SIEMENS) 


Ipg, REVERSE DRAIN CURRENT (AMPERES) 


0 1 2 3 4 
Ip. ORAIN CURRENT (AMPERES) Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


Ros(on), ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BV pss, DRAIN TO SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


-40 0 40 80 120 
Ty SUNEETON TEMPERATURE (7) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


1000 


C, CAPACITANCE (pf) 


Vgs. GATE TO-SOURCE VOLTAGE (VOLTS) 


200 
FOR TEST CIRCUIT 
SEE FIGURE 18 
0 10 20 30 40 50 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF220, IRF221, IRF222, IRF223 
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Ip, DRAIN CURRENT (AMPERES) 


Rosi(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Ros(on): ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Ip, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 
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Fig. 14 — Power Vs. Temperature Derating Curve 
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Fig. 15 — Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 
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Fig. 17 — Switching Time Test Circuit 0 et: " 
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Fig. 18 — Gate Charge Test Circuit 
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co} HARRIS 


August 1991 


Features 


IRF230/231/232/233 
IRF230R/231R/232R/233R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 


e¢ 8.0A and 9.0A, 150V - 200V 

® rps(on) = 0.49 and 0.62 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRF230, IRF231, IRF232, and IRF233 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF230R, IRF231R, IRF232R and IRF233R types are ad- 
vanced power MOSFETs designed, tested, and guaranteed to 


TO-204AA 
BOTTOM VIEW 


DRAIN 


SOURCE J (FLANGE) 


GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


withstand a specified level of energy in the breakdown ava- D 
lanche mode of operation. All of these power MOSFETs are de- 
signed for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and G 
low gate-drive power. These types can be operated directly 
from integrated circuits. 
The IRF types are supplied in the JEDEC TO-204AA steel S 
package. 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
IRF230 IRF231 IRF232 IRF233 
IRF230R IRF231R IRF232R IRF233R UNITS 

Drain SOUrCe VONEOR (TT) 6 ous ode wu das wee see cweaee awa Vps 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20kK1)(1)........ 2 eee nes VDGR 200 150 200 150 V 
Continuous Drain Current 

Tip SPOS os nkce rss tetidesn nares dene neanscaontes Ip 9.0 9.0 8.0 8.0 A 

Tee PNG a nae cdaceenciecesennsaboud syietrces ven Ip 6.0 6.0 a0 5.0 A 
Pulsed Drain Ginrent(S) cs cccactesces cen aneeneawe apa ns IDM 36 36 32 32 A 
Gale SOUIee VINE wc cesses ces neous san des ensenesn es Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TO FAB sccccccc crave nes canoe san ene enemas eavnn Pp T§ 75 ?5 75 W 
Linear Deratinie FACION ss osc ceccc occssere seu eeeewe doe eunen 0.6 0.6 0.6 0.6 W/°CG 
Inductive Current, ClAIMBOG ..5 50 <<a ns sae coe ens ene sees ILM 36 36 32 32 A 

(See Figure 14, L = 100uh) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 150 150 150 150 mj 
Operating and Storage Junction ...............08. Ty TSTG ~“S5to+150 -S5i0+150 -55to+150 -5510+150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering............... Th 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


“Copyright © Harris Corporation 1991 
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4. Vop = 20V, starting Ty = +25°C, L = 3.37mH, Res = 500, IPEAK = QA. 
See Figure 15. 


1568.1 


File Number 


IRF230, IRF231, IRF232, IRF233 IRF230R, IRF231R, IRF232R, IRF233R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS |} MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_ | Vas= OV, Ip = -250uA Lode f= |e | 
200 V 


IRF230/232, IRF230R/232R 

IRF231/233, IRF231R/233R | 160 | - | - | vi | 
[GateThresholdVotase ———«( Vasc |Vos=Vas Io=250ASSSSC«dY:«SC |S iY «SO | 
[Gate-SourceLeakageFoward | lass |Vas=20VSSSSSCSCSC*dT~S (dT ~~ «S100 
[Gate-SourceLeakageReverse | icss |Vas=-20V———SS~S| = «dS ~~*Y;C 10 ‘|_| 


Zero Gate Voltage Drain Current IpDss Vps = Max Rating, Vgs = OV | - | - | 250 | pA | 


Vps = Max Rating x 0.8, Vas = OV, 1000 uA 
Ty = +1259C 
) 


On-State Drain Current (Note 2) 
IRF230/231, IRF230R/231R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF230/231, IRF230R/231R 


Vas = OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


furn-OnDelayTime Yop =e Ip = SER ZOSTER eC tl 
a 
- are essentially independent of operating 

Turn-Off Delay Time 'd(OFF)_| temperature) Loe 
Fall Time a 
Total Gate Charge 

(Gate-Source + Gate-Drain) 

Gate-Source Charge | Qgs | 
Gate-Drain (“Miller”) Charge | Qgq | 

Lp 


Vgs = 10V, Ip = 12A, Vps = 0.8V Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Internal Drain Inductance 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance 


Tunationto-Case 7 a (ae 3 
Case-to-Sink Recs | Mounting surface flat,smoothandgreased | - | 0.1 [| - — | °C/W | 


senetontraniiont [Roya [Fevaroperaton = P= | [on 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current Isom integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) Ty = +259C, Is = 9A, Vas = OV 
Reverse Recovery Time Ty = +150°C, If = 9.0A, dif/dt = 100A/ys 
Reverse Recovered Charge Ty = +1509C, Ir = 9.0A, dif/dt = 100A/us 


Forward Turn-on Time 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 20V, Start Ty = +25°C, L = 3.37mH, 


2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res 
Duty Cycle < 2% Impedance Curve (Figure 5) 


502, IPEAK = 9A (See Figure 15) 
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IRF230, IRF231, IRF232, IRF233 IRF230R, IRF231R, IRF232R, IRF233R 


80 us PULSE TEST 


Vos > Ip(on) * Ros(on) max. 


coe 
7 


Ip, ORAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


0 20 40 60 aa ~—, 
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 


Fac 
fer 


IRF232R, 3R a SS MTT 


mnnneer ARON 
Cree we NUN eet 
aoc. a. : Sec pes oo 


Ip, ORAIN CURRENT (AMPERES) 
Ip, ORAIN CURRENT (AMPERES) 


Awa 

Ree MRI we 

Ty = 150°C via PTA 
ima 


IRF230R, 2R 


1 
1.0 2 5 10 20 50 100 200 500 


Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 


n— 


1 DUTY FACTOR. D = + 


THERMAL IMPEDANCE (PER UNIT) 


2 PER UNIT BASE = Rinjc = 1.67 OEG C/W 


10-5 2 5 10-4 2 5 1 


TT | 
3 T =the = 8 Z clu) 
Sesitimemetii ale sit 


2 5 10-2 5 10-1 2 5 10 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Zthyc!t)/Rinyc. NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF230, IRF231, IRF232, IRF233 IRF230R, IRF2317R, IRF232R, IRF233R 


~— SS RS RRE 
Zi. STEER 
PT ANN TU TT 


Pt tT AAA Ty 
PIAA | TT 


ts. TRANSCONDUCTANCE (SIEMENS) 


hp 


2 


Ipg, REVERSE ORAIN CURRENT (AMPERES) 


> 


Vos > '!p(on) * Ros(on) max. 
terlaets TO 


0 4 6 8 10 
ip, DRAIN CURRENT (AMPERES) Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


2) 
tu 
7 ue 
z=” 
=O 
¢c<= 
=o 
35 
z 

re) 
a 


Ros(on). DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN TO SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


-40 0 40 80 120 160 


Ty JUNCTION TEMPERATURE 19C)} Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


C, CAPACITANCE (pF) 


Vgs GATE TO SOURCE VOLTAGE (VOLTS) 


Ip = 12A 
FOR TEST CIRCUIT 


SEE FIGURE 18 


2 Gs eee ee 
0 10 20 30 40 50 24 
Vos. ORAIN TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF230, IRF231, IRF232, IRF233 IRF230R, IRF231R, IRF232R, IRF233R 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Ip, ORAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 


E, = 0.5 BVpss Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 


Vop = 90V 
1552 


Vo TO SCOPE 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


ip, ORAIN CURRENT (AMPERES) 


2 


IRF232, IRF233 <4 
IRF232R, IRF233R 


Pt ttt tet TTY 
LEE TTT | 
5 50 1§ 100 


IRF230, IRF231 
IRF230R, IRF231R 


125 150 
Tc, CASE TEMPERATURE (°C) 


FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK IL 


oh 
Ves= 10V 
p 


Vos 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


12V 0.2 
BATTERY } 
oe 


+Vps 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


-Vps 
Ig CURRENT —L Ip CURRENT 
SHUNT — SHUNT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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it HARRIS IRF234, IRF235 
IRF236, IRF237 


N-Channel Power MOSFETs 


May 1992 Avalanche-Energy Rated 
Features Package 
TO-204AA 
© 8.1A and 6.5A, 275V - 250V BOTTA wee 
® rps(on) = 0.450 and 0.680 
, DRAIN 
e Single Pulse Avalanche Energy Rated SOURCE J (FLANGE) 
e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds O Ay O 


e Linear Transfer Characteristics 


GATE 
® High Input Impedance 


e 275V, 250V Rating - 120V AC Line System Operation 


DESCHptOn Terminal Diagram 
The IRF234, IRF235, IRF236, and IRF237 are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a NV CRANDIEL ENBARCEMENT MOOG rr) 
specified level of energy in the breakdown avalanche mode of o 4 v 
operation. These are n-channel enhancement-mode silicon TT] 7} 
gate power field-effect transistors designed for applications = oO 
such as switching regulators, switching converters, motor driv- t= 
ers, relay drivers, and drivers for high-power bipolar switching oO iT 
transistors requiring high speed and low gate-drive power. G zs 
The IRF-types are supplied in the JEDEC TO-204AA steel 
package. 
Ss 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
IRF234 IRF235 IRF236 IRF237 UNITS 

Digi DOUrEe VONBGE UT) .csvasveeeecss cerns ven cease Vps 250 250 Pal) 275 V 
Drain-Gate Voltage (RGS = 20kK1Q) (1)... 2... cece en eeee VDGR 250 250 Zio 2is V 
Continuous Drain Current 

TOTES wa anes eidecctansedcadigesnnasoaiuaasds Ip 8.1 6.5 8.1 6.5 A 

Te Fe cise sctarcunes Ba swasaninde nes aoxces ee Ip 5.1 4.1 5.1 4.1 A 
Pulsed Drain Current (2) sscccce cus seins eens ees sewers IDM 32 26 32 26 A 
Gate-Source VORAGE csscccccc cccancnwenses cen ameeas Vas 20 +20 +20 +20 V 
Maximum Power Dissipation 

TE F2EG cts secawedas cence sive ts ens een seannnte Pp 75 Ya 75 2 WwW 
Linear Doraling FaCtol .scsccscevcavs nee at csg acu caaasaznat 0.6 0.6 0.6 0.6 W/°C 
Single Pulse Avalanche Energy Rating (4)............... Eas 180 180 180 180 mj 
Operating and Storage Junction .............0e0e: Ty, TsTtG -55to+150 -55to+150 -55to+150 -55to+150 v1 @) 

Temperature Range 

Maximum Lead Temperature for Soldering............... Th 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = SOV, starting Ty = +25°9C, L = 4.5mH, Res = 252, IpeaK = 8.1A. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. See Figures 14 & 15. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications IRF234, IRF235, IRF236, IRF237 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_ | VGs=OV, Ip =-250uA 
IRF236, IRF237 


IRF234, IRF235 


Gate Threshold Voltage VasctH) | Vps=Veas, Ip = -250uA 
Gate-Source Leakage Forward lass |Vag=20V 
Gate-Source Leakage Reverse lass |Vaqas=20V 


Zero Gate Voltage Drain Current IpDss Vps = Max Rating, Vas = OV 
Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +1259C 


On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X DS(ON) Max: VGs = 10V 
IRF234, IRF236 


IRF235, IRF237 


Static Drain-Source On-State TDS(ON) | VG@S = 10V, Ip =4.1A 
Resistance (Note 2) 

IRF234, IRF236 

IRF235, IRF237 


m= [as | - | 
Vas = OV, Vps = 28V,1= 10MM 600 

See Figure 10 —_[F 
| =. 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Internal Drain Inductance 


Vpop = 125V, Ip = 8.1A, Rg = 122 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 

temperature) 


= 


Vas = 10V, Ip = 8.1A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


ais 


Measured between Modified MOSFET 
the contact screw on | symbol showing the 
header thatis closer | internal device 

to source and gate inductances. 

pins and center of 

center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance 


S 


Junction-to-Case 
Case-to-Sink Recs _ | Mounting surface flat, smooth and greased 


Continuous Source Current Is Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Pulse Source Current 
(Body Diode) (Note 3) 
Diode Forward Voltage (Note 2) Ty = +259, Is =8.1A, Vag = OV Fo = | 20 fo Vv 
Reverse Recovery Time Ty = +2509C, Ip = 8.1A, dif/dt = 100A/us 


ee a 


O| Oo 
O1O = | 
=| x SO I | oO nN 


E 
vo) 
= 


Reverse Recovered Charge | Qrr_ | Ty =+259C, Ip = 8.1A, diF/dt = 100A/us 


Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SOV, Start Ty = +25°C, L = 4.5mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, Ipeak = 8.1A 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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IRF234, IRF235, IRF236, IRF237 


30 us PULSE TEST 


7 
Ww 
c 
Ww 
a 
= 
< 
- 
z 
Ww 
c 
c 
2 
) 
= 
< 
cx 
ra) 
[-) 


.e) 25 50 75 100 125 
Vps; DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44087 92GS-44088 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


IRF235, STi 7 iis‘ 
| V2 i 
ree 
ee 
R F237 4 


N-CHANNEL 
POWER MOSFETs 


Ves=6vV 


2 nae ee 


Ree iemeeee 
IRF 236, PS 


Ip, DRAIN CURRENT (AMPERES) 


= 
Ww 
c 
Ww 
a 
= 
= 
- 
Zz 
Ww 
cx 
cx 
> 
Oo 
= 
< 
c 
a 
£ 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44090 


ie DRAIN- ie: SOURCE ee pene 
92GS-44089 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


SINGLE PULSE NOTES: 
THERMAL RESPONSE) || 1. DUTY FACTOR, D = ty/to 


rit Ci Cet a FEAST a= Pome BP + Te 


10-5 10-3 10-2 0.1 1 10 
. RECTANGULAR PULSE DURATION (SECONDS) 


THERMAL RESPONSE (Z¢tpyc) 


— 

a 
——— 
———aes 
—eeen 


~~ 


92GS-44091 


Fig. 5 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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IRF234, IRF235, IRF236, IRF237 


_ 
{o) 
N 


80 pS PULSE TEST 
Vps = 2x V6Es 


a 


\ 


a 
= io 
2 wi 
w a 
5 = 
Ww < 
a = 
& z 
rs w 
4 x 
< = | 
e oO 
5 z 
a .-¢ 
z c 
re) (a) 
8 Ww 

” 
= 5 
| w 
oa Ww 
sa c 
= « 
i 8 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 92GS-44093 


92GS-44092 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


BVpss, DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (NORMALIZED) 
Rpsjon), DRAIN-TO-SOURCE 
ON RESISTANCE (NORMALIZED) 


-60 -40 -20 0 20 40 60 80 100 120 140 160 -60 -40 -20 0 20 40 60 80 100 120 140 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
92GS-44094 92GS-44095 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


Ves = OV, f= 1 MHz 

Ciss = Cgs + Cgg Cds SHORTED 
Crss = Cga 

Coss = Cds + Cgs Cga/ (Cgs + Cgq) 


C, CAPACITANCE (pF) 


e 
a 
o 
= 
w 
< 
5 
°o 
> 
w 
1) 
4 
> 
° 
® 
Oo 
rs 
- 
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o 
7) 
i) 
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FOR TEST CIRCUIT 
SEE FIGURE 16 


te) 10 20 30 40 50 
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
92GS-44097 
92GS-44096 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF234, IRF235, IRF236, IRF237 
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< 
- 
= 
n 
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Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Figure 12. Typical On Resistance vs Drain Current Figure 13. Maximum Drain Current vs Case 
Temperature 
Vps 


” 
- 
_j Ul 
VARY tp TO OBTAIN e ws 
REQUIRED PEAK I, Vop = re) 
- m4 = 
A L- 
Ves= 10V ' Mo TT) 
p 

zs 
re) 
a. 

Figure 14. Unclamped Energy Test Circuit Figure 15. Unclamped Energy Waveforms 

+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V [9.2 AS DUT 
BATTERY } 
Rp atlas 
Vos 


J Rg + 
Ves= 4 | ~ Yop 
a ei 
PULSE WIDTH < 11S 0 — y 


~*DS 
DUTY FACTOR < 0.1% Ip CURRENT 


IG CURRENT —W— 
=o SHUNT ~ SHUNT 
Figure16. Switching Time Test Circuit Figure 17. Gate Charge Test Circuit 
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i HARRIS IRF240/241/242/243 
IRF240R/241R/242R/243R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
° 16A and 18A, 200V, 150V 
* rps(on) = 0.182 and 0.220 


TO-204AE 
BOTTOM VIEW 


DRAIN 
J (FLANGE) 


e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRF240, IRF241, IRF242, and IRF243 are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRF240R, IRF241R, IRF242R and IRF243R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF-types are supplied in the JEDEC TO-204AE steel 
package. 


Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 


IRF240 IRF2414 IRF242 IRF243 
iIRF240R IRF241R IRF242R IRF243R UNITS 


Drain-Source Voltage (1) 200 150 200 150 
Drain-Gate Voltage (RGs = 20kQ) (1) 200 150 200 150 
Continuous Drain Current 
18 18 
To = +1009C 11 11 
Pulsed Drain Current (3) 72 72 
Gate-Source Voltage +20 +20 
Maximum Power Dissipation 
125 125 
Linear Derating Factor 10 1.0 
Inductive Current, Clamped 2 72 
(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4) 580 580 
Operating and Storage Junction -55to+150 -55to+150 -55to+150 -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = SOV, starting Ty = +25°C, L = 2.7mH, Res = 252, IpeaK = QA. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. See Figure 15. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF240, IRF241, IRF242, IRF243 IRF240R, IRF2417R, IRF242R, IRF243R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss__ | Vas= OV, Ip = 250yuA 
IRF240/242, IRF240R/242R 


Cwin | t¥P_[ MAX_| uNiTs 


oo | - | - |v 


IRF241/243, IRF241R/243R | 1560 | - | - [| vi 
[Gate ThresholdVotage _——_—~(| Vasc [Yps=Vas,Ip=250uaSSSSC~=~i=Ci STS SCY | 


Gate-Source Leakage Forward lass |Vaqsg=20V Po = {| = | 100 | nA | 
Gate-Source Leakage Reverse less |Vaqs=-20V | - | -100 | nA 


Zero Gate Voltage Drain Current Ipss Vps = Max Rating, Vgs = OV uA 


Vps = Max Rating x 0.8, Vgs = OV, 1000 uA 
Ty = +1259C 


On-State Drain Current (Note 2) 
IRF240/241, IRF240R/241R 


IRF242/243, IRF242R/243R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF240/241, IRF240R/241R 


IRF242/243, IRF242R/243R 


ID(ON) | YDS> !D(ON) X DS(ON) Max: VGS = 10V P 


ee 


DS(ON) | VGS = 10V, ID = 10A 


0.14 


oi e7_| 90 _| 
275 


0.18 Q 


io2) 


LIOIOLO 
017 19 1a 
O 1M | 
ZIM Im | 


Forward Transconductance (Note 2) f= 
Input Capacitance Vgs = OV, Vps = 25V, f = 1.0MHz 1275 | - | 
Output Capacitance See Figure 10 | 500 | - | p 
Reverse Transfer Capacitance | 160 | - | pF | 
Turn-On Delay Time Vpp = 100V, Ip = 18A, Rg = 9.10 | 16 | 3 
Rise Time t See Figure 16. (MOSFET switching times 

ee eae iat | 27 | 60 
Turn-Off Delay Time 'd(OFF)_| temperature) | 40 
Fal Time a1 60 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


VGs = 10V, Ip = 18A, Vps = 0.8V Max 
Rating. See Figure 17 for test circuit. 
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(Gate charge is essentially independent of 


e 5 ke @ 
© 


Led 
7 LS z 
operating temperature.) = | gy | = | C 


Measured between Modified MOSFET 
the contact screw on | symbol showing the 
header thatis closer | internal device 

to source and gate inductances. 


| 30 
| 80 
es! 
pins and center of aa 
~_ " . a 


6) 
Tundtion-to-Case a 
0 


50 
16 
2 
3 
4 
5. 

center of die. 

12 


Internal Source Inductance Measured from the 


” 


source lead, 6mm 
(0.25”) from header 
and source bonding 


aii |) mak 
Oo} © 
= 
oO) 


0 

e) 
7 
1 
3 
0 
3 


1) 
O 


7 
Case-to-Sink Recs __ | Mounting surface flat, smooth and greased OL fF = | 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Is 
Pulse Source Current Ism 
(Body Diode) (Note 3) 
Diode Forward Voltage (Note 2) Ty = +259C, Ig = 18A, Vgs = OV 
Reverse Recovery Time Ty = +1509, IF = 18A, di/dt = 100A/us 
Reverse Recovered Charge | Qrr_ | Ty=+1509C, Ip = 18A, dif/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 
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ine) 
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Forward Turn-on Time 


~ 
as 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SOV, Start Ty = +25°C, L = 2.7mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 25, IpeaK = 18A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF240, IRF241, IRF242, IRF243 IRF240R, IRF2417R, IRF242R, IRF243R 


aa 80 us PULSE TEST 
a 


Ty = -550C 


TTT 
am 
Wl 

Y] 


Ip, ORAIN CURRENT (AMPERES) 


|) Sse 
Lit) tet ty 


'p, ORAIN CURRENT (AMPERES) 


Litt | Tf 
Litt tt 
Siteaie 


0 10 20 30 40 50 
Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 


E IRF240R, 1 OPERATION IN THIS AREA 1S LIMITEOET ITH 
ft BY Rostom TH 


- 80 us PULSE TEST — 


Ip, DRAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 


Ty = 150°C MAX 
RthJC =10 C W 
_ SINGLE PULSE 


' IRF241R, 3R 
| et ae a el 


10 2 5 10 20 50 100 200 500 
Vps. DRAIN. TO-SOURCE VOLTAGE (VOLTS) Vas. ORAIN-TO SOURCE VOLTAGE (VOLTS) 
Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 


——- rng 
Ra TE SA ae 
—————— ie a io 
——— tt” 


THERMAL IMPEDANCE (PER UNIT) 


an ‘o 
mame HT | oa | | | | 2 PER UNIT BASE = Rinjc = 10 DEG C/W| 
OE Pe HEH EE | 2 Ta Te Pow 2c 
Py ee a 
10-9 2 5 10-4 2 5 10-3 10-2 2 5 10-1 2 5 10 2 2) 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Zthycl(t)/Rehyc. NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF240, IRF241, IRF242, IRF243 IRF240R, IRF2417R, IRF242R, IRF243R 


gts, TRANSCONDUCTANCE (SIEMENS) 


Ion, REVERSE DRAIN CURRENT (AMPERES) 


0 8 16 24 32 40 0 0.4 08 1.2 1.6 2.0 
Ip, DRAIN CURRENT (AMPERES) Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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BVpss. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 

Ros(on). DRAIN-TO-SSOURCE ON-STATE RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


Cig * Coy + Cog, Coy SHORTED 
Crag = Cog 


Coy Cog 
Com" Coat Ce tag 9 


GATE-TO-SOURCE VOLTAGE (VOLTS) 


o 
> FOR TEST CIRCUIT 
; SEE FIGURE 16 
0 5 10 18 20 25 30 36 40 48 80 0 12 24 36 48 60 
Vpg, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Gy, TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF240, IRF241, IRF242, IRF243 IRF240R, IRF241R, IRF242R, IRF243R 


IRF240, IRF241 
IRF240R, IRF241R _ 


— IRF242, IRF243 
IRF242R, IRF243R 


| 


Ip. DRAIN CURRENT \AMPERES) 


Ros(on). DRAIN TO SOURCE ON RESISTANCE (OHMS) 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION INITIAL Ty = 25°C (HEATING 
EFFECT OF 20 us PULSE IS MINIMAL ) 


25 50 15 100 125 150 
Ip, ORAIN CURRENT (AMPERES) Tc. CASE TEMPERATURE (YC) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


_ DUT 
Ves= 10V t Ves= 10V 
I 
E; = 0.5BVpssg Ec= 0.75 BVpss 
FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 
FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
+ Vos 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
— TYPE 
12V |0.2 AS DUT 
BATTERY |}4F 
a la 


Vgs = 10V 


PULSE WIDTH < 1S 


DUTY FACTOR < 0.1% “Vos 
IG CURRENT —L Ip CURRENT 
SHUNT — SHUNT 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i HARRIS IRF244, IRF245 
IRF246, IRF247 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated 


Features Package 
e 14A and 13A, 275V - 250V 
* DS(on) = 0-282 and 0.3420 


TO-204AA 
BOTTOM VIEW 


DRAIN 
¢ Single Pulse Avalanche Energy Rated J (FLANGE) 


e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 

¢ 275, 250V DC Rated - 120V AC Line System Operation 


Description Terminal Diagram 


The IRF244, IRF245, IRF246, and IRF247 are advanced power N-CHANNEL ENHANCEMENT MODE 
MOSFETs designed, tested, and guaranteed to withstand a 

specified level of energy in the breakdown avalanche mode of D 

operation. These are n-channel enhancement-mode silicon 

gate power field-effect transistors designed for applications 

such as switching regulators, switching converters, motor driv- 

ers, relay drivers, and drivers for high-power bipolar switching 

transistors requiring high speed and low gate-drive power. 

These types can be operated directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 
package. 
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Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF244 IRF245 IRF246 IRF247 UNITS 


Drain-Source Voltage (1) 250 250 2/75 275 
Drain-Gate Voltage (Rgs = 20k:) (1) 250 250 “are 275 
Continuous Drain Current 
13 
To = +100°9C E ; ; 8.0 
Pulsed Drain Current (3) Se 
Gate-Source Voltage +20 
Maximum Power Dissipation 
125 
Linear Derating Factor d 1.0 
Single Pulse Avalanche Energy Rating (4) 550 
Operating and Storage Junction -55to+150 -55to+150 -55to+150 -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = SOV, Starting Ty = +25°C, L = 4.5mH, Rg = 25, Peak IL = 14A 
2. Pulse Test: Pulse width < 300yus, Duty Cycle < 2%. Oe PGMS: 18 ty) 


3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2209 1 
Copyright © Harris Corporation 1991 
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Specifications IRF244, IRF245, 1RF246, IRF247 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| Vas = OV, Ip = 250yA 
IRF244, 1RF245 


IRF246, IRF247 


ers | - 
[Gate Threshold Vowage | Vasqm |Vos=Vaso=2500A——=S=~—~—‘ | ~SC*dYSC 
[Gate-SourceLeakageFoward | lass |Ves=20v_ SCS S| +100 


Gate-Source Leakage Reverse Igss_ |Vaqs=20V | = | = | -100 | nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Ves = OV | = | = | 250 A 
Vps = Max Rating x 0.8, Vgs = OV, 1000 pA 
Tj = +1250C 


On-State Drain Current (Note 2) ID(ON) 
IRF244, IRF246 


1RF245, IRF247 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF244, IRF246 


1RF245. IRF247 


Forward Transconductance (Note 2) 
Input Capacitance Ciss 


Ves = OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


Bom he, 


FTurn-OnDelaytime | ton) _| VOD = 125V, Ip = 144, Rg = 9.19 

RiseTime = si(‘drCOSédt,:SCSCé*d See Figure 16. (MOSFET switching times 
- are essentially independent of operating 

temperature) 

Faitime dT CC 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge | Qgs | 
Gate-Drain (“Miller”) Charge | Qgq | 


On 
NJ 


— 
w o| = lo 
© oo om Sic 
° 

Bes 


= N] OLS 
© 
= | 


VGSs = 10V, Ip = 14A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Ss 


= 


= | ne} LY 


Internal Drain Inductance Lp Measured from the Modified MOSFET 
source lead, symbol showing the 
6mm (0.25 in.) internal device 
from package inductances. D 
to center of ] 
die. 
Internal Source Inductance Ls Measured from the 12.5 n 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 
Junction-to-Case RoJc | = | 1.0 Te 
Case-to-Sink Rocs__ | Mounting surface flat, smooth and greased 0 


Source Drain Diode Ratings and Characteristics 


Is Modified MOSFET D 
symbol showing the 
ISM integral reverse 
P-N junc. rectifier. G 
S 


Diode Forward Voltage (Note 2) Ty = +259C, Is = 14A, Veg = OV 
Reverse Recovery Time trr Ty = +259C, Ip = 14A, dif/dt = 100A/us 18 
Reverse Recovered Charge Ty = +259C, Ip = 14A, dif/dt = 100A/us ‘ 


Forward Turn-on Time | Intrinsic turn-on time is negligible. Turn-on 


speed is substantially controlled by Lg + Lp. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


BSS 


—_—, 
o7] To) 
ww} 


N 


: — a; = 
N © o 


@) 


NOTES: 1. Ty = +25°C to +1509C 3. Repetitive Rating: Pulse width limited by 4. Vop = SOV, Starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us, maximum junction temperature. See Transient L = 4.5mH, Rg = 252, Peak I, = 14A 
Duty Cycle < 2%. Thermal Impedance Curve (Figure 5). (See Figures 14 & 15). 
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IRF244, IRF245, IRF246, IRF247 


Ip, DRAIN CURRENT (AMPERES) 
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Oo 2 4 6 8 10 
Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


92GS-44105 


oO 25 50 75 100 125 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92GS-44104 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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H OPERATION IN THIS AREA LIMITED 
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SE | Es) eS eS EE Ee EE 
oO 2 4 6 8 10 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44106 92GS-44107 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


THERMAL RESPONSE (Ztn yc) 


1. DUTY FACTOR, D = ty/t2 
2. PEAK Ty = Pom Zthuc + Tc 


ty. RECTANGULAR PULSE DURATION (SECONDS) 
92GS-44108 


Fig. 5 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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IRF244, IRF245, IRF246, IRF247 


80 yS PULSE TEST 


i pe sae 
Ty=25°C) “SJ 
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Ty = 150°C 
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Ip, DRAIN CURRENT (AMPERES) 
92GS-44109 


Fig. 6 - Typical transconductance vs. drain current. 


BVpss, DRAIN-TO-SOURCE 
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-60 -40 -20 0 20 40 60 80 100 120 


Ty, JUNCTION TEMPERATURE (°C) 


140 160 


92GS-44094 


Fig. 8 - Breakdown voltage vs. temperature. 


Vgs = OV, f= 1 MHz 
Crss = Cga 
Coss = Cds so Cgs Cga/Cgs + Cod 


C, CAPACITANCE (pF) 


ee SL 

mSEEE — 

TLE | TIT 
5 10 20 50 100 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44112 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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0 0.4 0.8 ted 1.6 2.0 
Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


92GS-44110 


Fig. 7 - Typical source-drain diode forward voltage. 


DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


RpS(on): 


20 40 60 80 100 120 140 160 
Ty, JUNCTION TEMPERATURE (°C) 


92GS-44111 


Fig. 9 - Normalized on-resistance vs. temperature. 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
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Qg, TOTAL GATE CHARGE (nC) 
92GS-44113 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


IRF244, IRF245, IRF246, IRF247 
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Rps(on); DRAIN-TO-SOURCE ON RESISTANCE 
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Ip, DRAIN CURRENT (AMPERES) 


92GS-44114 


Figure 12. Typical On Resistance vs Drain Current Figure 13. Maximum Drain Current vs Case 
Temperature 


VARY tp TO OBTAIN 
REQUIRED PEAK IL 


Ves= 10v 
eT tp 


Figure 14. Unclamped Energy Test Circuit Figure 15. Unclamped Energy Waveforms 
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+Vps 
(ISOLATED 
SUPPLY) 


CURRENT 
REGULATOR 


12V |0.2 
BATTERY La 


RG te 
Ves= 4 |  * De 
PULSE WIDTH < 1S 0 | _ | } 1.5m ; 


DUTY FACTOR < 0.1% 
Iq CURRENT —L- Ip CURRENT 
~~ SHUNT ™~ SHUNT 


Figure16. Switching Time Test Circuit Figure 17. Gate Charge Test Circuit 
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Ga HARRIS 


August 1991 


IRF250/251/252/253 
IRF250R/251R/252R/253R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features Package 
TO-204AE 
e 25A and 30A, 150V - 200V BOTTOM VIEW 
* fDS(on) = 0.0852 and 0.1202 
DRAIN 
e Single Pulse Avalanche Energy Rated* SOURCE Z (FLANGE) 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRF250, IRF251, IRF252, and IRF253 are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRF250R, IRF251R, IRF252R, and IRF253R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 


to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-204AE steel Ss 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF250 IRF251 IRF252 IRF253 
IRF250R IRF251R IRF252R IRF253R UNITS 
Drain-Source Voltage (1) ....ceccecesasveevectessanss Vpbs 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20K) (1)........ 2. eee eee VDGR 200 150 200 150 V 
Continuous Drain Current 
TE FOS oc cise ce cas es Fe vane cee cae wee we cea aN ID 30 30 25 25 A 
TES PION on ceas anu davcandead ves aceousnsseved sas ID 19 19 16 16 A 
Pulsed Drain Current (3) o.0icisssccs cue wscneans ces sm es loM 120 120 100 100 A 
GEte-SOUrCe VONAGE onccscasccrcaseusssacasacvsaes Ves +20 +20 +20 +20 V 
Maximum Power Dissipation ..............ceeeeeecceves Pp 150 150 150 150 W 
Linear Derating Factor wesc cawcnsca nee new corewnaens tas une ne 1.2 le 1.2 12 W/°C 
inductive Current, Clamiped ..6ccs iss osveaees cea ve sun os ILM 120 120 100 100 A 
(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4).............. Eas* 910 910 910 910 mJ 
Operating and Storage JUNCTION ........ cc eee eens Ty, TSTG -55to+150 -55to+150 -55to+150 -55to+150 sd ©) 
Temperature Range 
Maximum Lead Temperature for Soldering .............4. Th 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = SOV, starting Ty = +25°C, L = 1.5mH, Reg = 250, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEAK = Sm. Sos Figure 19. 
3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 
* R Suffix Types Only 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 825.1 


Copyright © Harris Corporation 1991 
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IRF250, IRF251, IRF252, IRF253 IRF250R, IRF2517R, IRF252R, IRF253R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| Vas=OV, Ip = 250yA 
IRF250/252, IRF250R/252R 


Hae a uns 


sco | - | - |v 


IRF251/253, IRF251R/253R | 150 | - | - | Vv | 
[Gate ThresholdVottage __—_—~(t Vasc) |Vps=Vas, Ip=250ASSC~—~sSCi |S SCdT | 


[Gate-SourceLeakageFoward | Igss_|Vas=20V_ SCS. ~- | | 100+ 
[Gate-Source LeakageReverse | Igss_|Vas=-20V_——S | | 100] 


Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgs = OV 


On-State Drain Current (Note 2) 
IRF250/251, IRF250R/251R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF250/251, IRF250R/251R 


Coss 


Vas = OV, Vos = 25V, f = 1.0MHz 
See Figure 10 


Reverse Transfer Capacitance Crss 
Turn-On Delay Time | tg(ONn) | Vpp = 100V, Ip = 30A, Rg = 6.22 | 20 | 30 | ns | 
Rise Time * See Figure 16. (MOSFET switching times 120 180: 
ee ee 
Turn-Off Delay Time ta{OFF)_| temperature [= [70 [ 100 [ns _| 
Fall Time | = | 80 | 120 | ons 
Total Gate Charge Vas = 10V, Ip = 30A, Vps = 0.8 Max 79 120 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
te- h (Gate charge is essentially independent of , 

Gate-Souros Gherge Ee eet ora: ee ee ee oe 
Gate-Drain ("Miller") Charge___—| ga _| = [ 2 _| 
Internal Drain Inductance Measured between Modified MOSFET 5.0 nH 

the contact screw on | symbol showing the 

header thatis closer | internal device 

to source and gate inductances. 

pins and center of oD 

center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Junction-to-Gase Puc | CCS 
Case-to-Sink Recs __ | Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
ISm integral reverse 
P-N junc. rectifier. G 
S 


internal Source Inductance 


: ol 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) 
Reverse recovery Time 


Reverse Recovered Charge 


Forward Turn-on Time 


Ty = +25°C, Ig = 30A, Vas = OV 
Ty = +259, Ip = 30A, die/dt = 100A/us 140 ° | 630 | ons | 
Ty = +250G, If = S0A, dip/dt = 100A/us 


: 
Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg +Lp. 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°9C, L = 1.5mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rgs = 252, IpEAK = 30A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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FIGURE 9. NORMALIZED ON-RESISTANCE vs 


JUNCTION TEMPERATURE ( °C) 


FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 
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SEE FIGURE 16 
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FIGURE 11. TYPICAL GATE CHARGE vs 
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FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
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IRF250, IRF2517, IRF252, IRF253 IRF250R, 


ODRAIN-TO-SOURCE ON RESISTANCE 


Ros (on) 


50 75 100 
Ip. ORAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 


VARY tp TO OBTAIN 
REQUIRED PEAK IL 


Vas = 10V DUT 


tp 


IL 


125 


E, = 0.5BVpsg Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 


DUT Voo 


Vgs = 10V | | | 


PULSE WIDTH < 1 ps 
DUTY FACTOR <0 1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 
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FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 
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FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 
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FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
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FIGURE 17. GATE CHARGE TEST CIRCUIT 


4-220 


ig? HARRIS IRF254, IRF255 
IRF256, IRF257 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated 


Features Package 
© 22A and 20A, 275V - 250V 
* (DS(on) = 0-142 and 0.172 


TO-204AE 
BOTTOM VIEW 


DRAIN 
¢ Single Pulse Avalanche Energy Rated SOURCE r (FLANGE) 


e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 

e 275, 250V DC Rated - 120V AC Line System Operation 


Description Terminal Diagram 


The IRF254, IRF255, IRF256, and IRF257 are advanced power N-CHANNEL ENHANCEMENT MODE 
MOSFETs designed, tested, and guaranteed to withstand a 

specified level of energy in the breakdown avalanche mode of D 

operation. These are n-channel enhancement-mode silicon- 

gate power field-effect transistors designed for applications 

such as switching regulators, switching converters, motor driv- 

ers, relay drivers, and drivers for high-power bipolar switching 

transistors requiring high speed and low gate-drive power. 

These types can be operated directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AE steel 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF254 IRF255 IRF256 IRF257 UNITS 


Drain-Source Voltage (1) 250 250 2Yo 2Ts 
Drain-Gate Voltage (Rgs = 20k) (1) 250 250 275 275 
Continuous Drain Current 
22 20 22 20 
To = +1009C 14 12 14 12 
Pulsed Drain Current (3) 88 80 88 80 
Gate-Source Voltage +20 +20 +20 +20 
Maximum Power Dissipation 
150 150 150 150 
Linear Derating Factor 1.2 we Te 1.2 
Single Pulse Avalanche Energy Rating (4) 1000 1000 1000 1000 
Operating and Storage Junction =“55to+150 -55t0+150 -55t0+150 -551t0+150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Ty = +25°C to +150°C. 4. Vpp = 5OV, Starting Ty = +25°C, L = 3.3MH, Rg = 252, Peak I = 22A 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. Se SE: Ee 


3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2300 2 
Copyright © Harris Corporation 1991 
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Specifications IRF254, IRF255, 1RF256, IRF257 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss'_ | Vas = OV", Ip = 250uA 
IRF254, 1RF255 


IRF256, IRF257 | 275 | = | V 


[Gate Treshold Votage [Vesqny [Wo = Vas p= 50uk 20 a 
[Gaie-Source Leakage Foard | lass [Ves=20v = = 100 
[Gato-Source Leakage Reverso | “less [Vas =200 100 a 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgg = OV | = | = | 250 | pA | 


Vps = Max Rating x 0.8, Vas = OV, 1000 yA 
Ty = +1259C 


On-State Drain Current (Note 2) ID(ON) Vps > ID(ON) X DS(ON) Max: VGS = 10V 
IRF254, IRF256 22 A 
| 20 | - | - JA 


1RF255, IRF257 


Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 12A 
Resistance (Note 2) 
IRF254, IRF256 0.11 0.14 9) 


1RF255. IRF257 | = | 014 | o17 | a | 
[Forward Transconductance Notea)| aig |Vos=SOVIp= TASC OP dC 
: 
Vpp = 125V,1p = 2A Ag = 620 


Rise Time tr See Figure 16. (MOSFET switching times 


are essentially independent of operating 
Turn-Off Delay Time td(OFF)_| temperature) 
Fall Time 
Total Gate Charge VGs = 10V, Ip = 22A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge (Gate charge is essentially independent of 
[Gate-SourceCharge_ | Qs | Oo erating temperature) 
Gate-Drain (“Miller”) Charge 0 
Internal Drain Inductance Lp Measured from the Modified MOSFET 
source lead, symbol showing the 
6mm (0.25 in.) internal device 
from package inductances. 
to center of 
die. 
Internal Source Inductance Measured from the 
source lead, 6mm 


(0.25”) from header 
and source bonding 


pad. oS 


Junction-to-Case TC 
Case-to-Sink Recs | Mounting surface flat, smooth and greased 


Continuous Source Current Is Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Pulse Source Current 
(Body Diode) (Note 3) 
Diode Forward Voltage (Note 2) Ty = +2596, Ig = 22A, Vag = OV Fo - | = [ 18 [ ve] 
Reverse Recovery Time Ty = +259, Ip = 22A, di¢/dt = 100A/us | 150 | 310 | 650 | ns | 
Reverse Recovered Charge | QrRR | Ty=+259C, Ip = 22A, die/dt = 100A/ys | 19 | 4 | 84 | wc | 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


Forward Turn-on Time tON 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by 4. Vpp = SOV, Starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us, maximum junction temperature. See Transient L = 3.3mH, Rg = 25N, Peak || = 22A 
Duty Cycle < 2%. Thermal Impedance Curve (Figure 5). (See Figures 14 & 15). 
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Ip. DRAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) 


IRF254, IRF255, IRF256, IRF257 


B8Ops PULSE TEST 


= 0 
y = 25°C 


Ip. ORAIN CURRENT (AMPERES) 


0 2 50 125 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Veg. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRF254, IRF255, IRF256, IRF257 


H 
Zz 
WW 
= 
WwW 
KH 
o 
WwW 
oO 
Zz 
<= 
ke 
oO 
> 
g 
oO 10 
oO 
7) 
z 
D4 
rea 
~- 
- 5 
we 
oO 


40 
on or ee ‘Die 


Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 8 - Breakdown voltage vs. temperature. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Ipaq. REVERSE DRAIN CURRENT (AMPERES) 


DRAIN-TO-SOURCE ON RESISTANCE 


Ros (on): 


Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 
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. 7 - Typical source-drain diode forward voltage. 
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Fig. 


Ty. JUNCTION TEMPERATURE ( °C) 


9 - Normalized on-resistance vs. temperature. 


FOR TEST CIRCUIT 
SEE FIGURE 16 
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TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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Figure16. Switching Time Test Circuit Figure 17. Gate Charge Test Circuit 
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GG] HARRIS 


August 1991 


Features 

e 2.8A and 3.3A, 350V - 400V 

* DS(on) = 1-82 and 2.52 

® SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The IRF320, IRF321, IRF322, and IRF323 are n-channel 


IRF320, IRF321 
IRF322, IRF323 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE / (FLANGE) 


enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as_ switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 


directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 


package. 


O O 


GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 


Drain-Source Vonage (1) oc siias cecds cere cassceves wees Vps 
Drain-Gate Voltage (RGsS = 20k1)(1)......... 2. eee VDGR 


Continuous Drain Current 


TQ PREG 6 cas ccveswarsanwsensen baeeenecar wen ees 

Te Oe c0sarasncave sia qeadewsaatnannnopes ans 
PUISEd DIAN OCUNGHES) ccnncevne sec csadeseavixmnsx can ve IDM 
GOIS=SOUNCS VONEGS 26 i002 ses csids cow ivinesaewawains « Ves 


Maximum Power Dissipation 
Te HESS cccwnaevecscncnsdsadsasnoiqueseawses wan 


Lin@ar Deraling) PAGiOr ss osa css ace 60s weaves earnass cee eo os 
Inductive Current, Clamped .....cccsescuccenvccccnnves ILM 


(See Figures 14 and 15, L = 100uh) 


Operating and Storage Junction ...............8.. Ty TSTG 


Temperature Range 
Maximum Lead Temperature for Soldering ............... 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


IRF320 


400 
400 


3.3 
oe 

13 
+20 


50 
0.4 
12 
~55 to +150 


300 


3. Repetitive Rating: Pulse width limited by maximum junction temperature. 


See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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D 
re 
Ss 
IRF321 IRF322 IRF323 UNITS 
350 400 350 Vv 
350 400 350 V 
3.3 2.8 2.8 A 
2.1 1.8 1.8 A 
13 11 11 A 
+20 +20 +20 V 
50 50 50 W 
0.4 0.4 0.4 W/°C 
12 10 10 A 
-55to+150 -55to+150 -55to+150 Te} 
300 300 300 oC 
File Number 1569.1 


Specifications IRF320, IRF321, IRF322, IRF323 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| Vas = OV, Ip = 250yA 
IRF320, IRF322 


IRF321, IRF323 


[Gate ThreshoidVolage | Vasny [WoS=Ves p= 280A 20 ao 
[Ge Baucelsslage Famed | Igeg [Vags2a toe 
[Gate-Source Leakage Reverse | less [Vas =-207 = 00a 
Zero Gate Voltage Drain Current Vps = Max Rating, Vag = OV | - | - | 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 HA 
Ty = +1259C 


On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X DS(ON) Max VGs = 10V 
IRF320, IRF321 3.0 A 
IRF322, IRF323 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF320, IRF321 


IRF322, IRF323 


Input Capacitance Ciss 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss 


Cmax] TP | -Max_| units 


DS(ON) | VGS = 10V, Ip = 1.8A 


Turn-On Delay Time Taony | Yoo = 200, Ip = 884, Ag = TEN ee Ce 
[RiseTime ___————~SC*dtC—ite =| S02 Figure 16. MOSFET switching times 


- are essentially independent of operating 
Turn-Off Delay Time td(OFF)_| temperature) 


Fall Time | te 
Total Gate Charge VGs = 10V, Ip = 3.3A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


Gate-Source Charge = (Gate charge is essentially independent of 


operating temperature. 
Gate-Drain (“Miller”) Charge 0 ” ) 


Internal Drain Inductance u 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
die. 
Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Lp 
Internal Source Inductance Ls 


oS 


Junction-to-Case 


R@JC 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time trr 


ISM 
Reverse Recovered Charge | QrR | 


Forward Turn-on Time 


NOTES: 
1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. See Transient Thermal Impedance Curve (Figure 5) 
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IRF320, IRF321, IRF322, IRF323 


io) 


Ip. DRAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 
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Vopg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vgg: GATE-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF320, IRF3217, IRF322, IRF323 
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IRF320, IRF321, IRF322, IRF323 
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TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Ves= 20V DUT 
tp 


Ey = 0.5BVpsg Ec= 0.75 BVpss 


FIGURE 14. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15. CLAMPED INDUCTIVE WAVEFORMS 


+Vps 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V O2 
BATTERY } 
a 


DUT 


K RG + 
Ves= 04 | ~ Yop 
1.5mA 
PULSE WIDTH < 1S 6 | __ | 


DUTY FACTOR < 0.1% -Vps 
= IG CURRENT —L Ip CURRENT 
ial SHUNT — SHUNT 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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it HARRIS IRF330/331/332/333 
IRF330R/331R/332R/333R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 

TO-204AA 
° 4.5A and 5.5A, 350V - 400V BOTTOM VIEW 
* DS(on) = 1.00 and 1.50 


DRAIN 
¢ Single Pulse Avalanche Energy Rated* SOURCE / (FLANGE) 


e SOA is Power-Dissipation Limited ‘O- 
e Nanosecond Switching Speeds O n O 


¢ Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRF330, IRF331, IRF332, and IRF333 are n-channel | Termina/ Diagram 
enhancement mode silicon gate power field effect transistors. 

IRF330R, IRF331R, IRF332R, and IRF333R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of the power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 
package. 
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Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


IRF330 IRF331 IRF332 IRF333 
IRF330R IRF331R IRF332R IRF333R UNITS 


Drain-Source Voltage (1) 
Drain-Gate Voltage (RGs = 20k) (1) 
Continuous Drain Current 


To = +1009C 

Pulsed Drain Current (3) 

Gate-Source Voltage 

Maximum Power Dissipation 

Linear Derating Factor 

inductive Current, Clamped 
(See Figure 14, L 100u1H) 

Single Pulse Avalanche Energy Rating (4) 300 300 300 

Operating and Storage Junction -55to+150 -55to+150 -55to+150 -55to+150 

Temperature Range 

Maximum Lead Temperature for Soldering 300 300 300 300 

(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 4.Vpp = SOV, starting Ty = +25°C, L = 17mH, Reg = 25N, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEAK = SA, See Figure TS. 


3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 570 1 
Copyright © Harris Corporation 1991 . 
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IRF330, IRF331, IRF332, IRF333 IRF330R, IRF3317R, IRF332R, IRF333R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss_ | VGs = OV, Ip =-250uA ae te t «| & | 
V 
ere ae 


IRF330/332, IRF330R/332R 

IRF331/333, IRF331R/333R 
Ves = Vas, 1p = 201A ee 
[Gate-SaurceLeakegeFowad | lass [Vas=20V = 00 | 
 Gate-SourceLealage Fieve [lass Vag=-a00 = or 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgs = OV | = | =— | 250 | pA | 


Vps = Max Rating x 0.8, Veg = OV, 1000 uA 
Ty = +1250C 


On-State Drain Current (Note 2) 
IRF330/331, IRF330R/331R 
IRF332/333, IRF332R/333R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF330/331, IRF330R/331R 


Vas = OV, Vpg = -25V, f= 1.0MHz 
See Figure 10 
FTurn-OnDelaytime | taon) |Vop = 200V, Ip ~5.5A, RG =12n 
ty See Figure 16. (MOSFET switching times 
aa. Ce 


ID(ON) 


T 


Oo a) 
= a ZLioio O nalanimnic 


Total Gate Charge Vas = 10V, Ip = 5.5A, Vps = 0.8 Max 2 35 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge , Ges | (Gate charge is essentially independent of 


operating temperature. 
Gate-Drain (‘Miller’) Charge " ‘ ) 


Internal Drain Inductance 


\ =k 
NI 
S 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


| Qgd | 
Ls 
oS 


Janction-to-Case 0 
Case-to-Sink Recs __ | Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) Ty = +259C, Is = 5.5A, Vag = OV 
Reverse Recovery Time trr Ty = +259C, Ip = 5.5A, dif/dt = 100A/ps 


Internal Source Inductance 


=" 
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on 
= | 


x RS 
/W 


On 
t (S) 
3 


14 


Forward Turn-on Time 


Is 
ISM 
Reverse Recovered Charge | QrrR_ | Ty=+259C, Ip = 5.5A, dif/dt = 100A/us 
Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls +Lp. 


NOTES: 1. Ty = +25°C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SOV, Start Ty = +25°C, L = 17mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, IpeEAK = 5.5A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF330, IRF331, IRF332, IRF333 IRF330R, IRF331R, IRF332R, IRF333R 
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Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


0 50 100 150 200 250 300 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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THERMAL IMPEDANCE (PER UNIT) 


1. DUTY FACTOR. D = it 
2 PER UNIT BASE = Rrnyc = 1.67 DEG. C/W 
3. Tym - Tc = Pom 2thuc!0) 


Zthyc(t)/Ringc. NORMALIZED EFFECTIVE TRANSIENT 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 


4-233 


IRF330, IRF331, IRF332, IRF333 IRF330R, IRF331R, IRF332R, IRF333R 
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Ip, DRAIN CURRENT (AMPERES) Vgp, SOURCE-TO DRAIN VOLTAGE (VOLTS) 


Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 
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Veg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 


0 8 16 24 32 40 
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g. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF330, IRF331, IRF332, IRF333 IRF330R, IRF331R, IRF332R, IRF333R 
pt ttt et ty 
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Fig. 12 - Typical On Resistance vs Drain Current Fig. 13 - Maximum Drain Current vs Case Temperature 
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Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Uncilamped Energy Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
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PULSE WIDTH < 1445S 


DUTY FACTOR < 0.1% “Vos 
IG CURRENT Ip CURRENT 
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Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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™ HARRIS IRF340/341/342/343 
IRF340R/341R/342R/343R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
° 10A and 8.3A, 400V - 350V 
* FDS(on) = 9.552 and 0.802 


TO-204AA 
BOTTOM VIEW 


DRAIN 
¢ Single Pulse Avalanche Energy Rated* SOURCE / (FLANGE) 


e SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


® High Input Impedance 


Description 


The IRF340, IRF341, IRF342, and IRF343 are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRF340R, IRF341R, IRF342R, and IRF343R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF340 IRF341 IRF342 IRF343 
IRF340R IRF341R IRF342R IRF343R UNITS 


Drain-Source Voltage (1) 400 350 350 
Drain-Gate Voltage (RGs = 20k{) (1) 400 350 350 
Continuous Drain Current 
10 10 
Tc = +1009C 6.3 6.3 
Pulsed Drain Current (3) 40 40 
Gate-Source Voltage +20 +20 
Maximum Power Dissipation 125 125 
Linear Derating Factor 1.0 1.0 
Inductive Current, Clamped 40 40 
(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4) 520 520 
Operating and Storage Junction -55to+150 -55to+150 -55to+150 -55to+150 
Temperature Range : 
Maximum Lead Temperature for Soldering 300 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 4.Vpp = SOV, starting Ty = +25°C, L = 9.2mH, Rgg = 250, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 10A, See Figure 15. 


3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 


R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2307.1 
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IRF340, IRF341, IRF342, IRF343 IRF340R, IRF341R, IRF342R, IRF343R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS |} MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250uA 
IRF340/342, IRF340R/342R 


IRF341/343, IRF341R/343R 


[Gate Threshold Votage [Vasa [Vos = Vas, p= 250A SSS 20 
[Gate-SourceLeckageFowad | Iggs_Veg=20v = 100] 
[Gate-Source Leskage Reverse | less |Veg=-20V = 100 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgs = OV } - | - | 250 | pA | 


Vps = Max Rating x 0.8, Vgsg = OV, 1000 yA 
Ty = +125°9C 


On-State Drain Current (Note 2) 
IRF340/341, IRF340R/341R 


TAFG42/945, RFG4DRVS4SR ras [| - | - [| aA_ 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 5.2A 
Resistance (Note 2) 
IRF340/341, IRF340R/341R 0.55 9) 
IRFS42/343, IRFS42R/343R a 
Forward Transconductance (Note 2) | gfs___ | Vps > 50V, Ip = 5.2A | 58 {| 8 | - | SH) 


Ofs 
Vas = OV, Vps = 25V,1= 1 OME 
See Figure 10 
ON 
tr 


C 

Reverse Transfer Capacitance Crss 

Turn-On Delay Time Vp = 200V, Ip = 10A, Rg = 9.19 ee a 
[RiseTime | te | S00 Figure 18. (MOSFET switching mes | [a7 [at_| ns 


- are essentially independent of operating 
Turn-Off Delay Time ta{OFF) | temperature) = sss 
Fall Time ee ee 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance a 


tf 
C 
() 
Lp 
Internal Source Inductance 


Oe a 
Case-to-Sink Recs _ | Mounting surface flat, smooth and greased 


Junction-to-Ambient RQJA Free air operation 


Vas = 10V, Ip = 10A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 


Is Modified MOSFET D 
symbol showing the 
Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Diode Forward Voltage (Note 2) Ty = +259C, Ig = 10A, Vas = OV 
Reverse Recovery Time Ty = +259C, Ip = 10A, dif/dt = 100A/us 


Ty = +259C, Ip = 10A, dip/dt = 100A/ys 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


Reverse Recovered Charge 


Forward Turn-on Time 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 9.2mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rgs = 252, IpEAK = 10A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF340, IRF341, IRF342, IRF343 


Ip. DRAIN CURRENT (AMPERES) 


40 80 120 160 200 
Vos: DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 


Ip. DRAIN CURRENT (AMPERES) 


0 2 4 6 8 
Vpg: ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 


RECTANGULAR PULSE DURATION 


IRF340R, IRF341R, IRF342R, IRF343R 
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FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF340, IRF341, IRF342, IRF343 IRF340R, IRF341R, IRF342R, IRF343R 


TRANSCONDUCTANCE (SIEMENS) 
Ipp. REVERSE DRAIN CURRENT (AMPERES) 


a 
a 
Ip. DRAIN CURRENT (AMPERES) Vgp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
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IRF340, IRF341, IRF342, IRF343 IRF340R, IRF3417R, IRF342R, IRF343R 
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DRAIN-TO-SOURCE ON RESISTANCE 


Ip. ORAIN CURRENT (AMPERES) 
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Ip. DRAIN CURRENT (AMPERES) : Te. CASE TEMPERATURE (°C) 
FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 
Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


tp 


ra 


VARY tp TO OBTAIN 
REQUIRED PEAK |, 


whe! 
Vas= 10V}-<- 
p 


Res 


E, = 0.5BVpsg Ec= 0.75BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 
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FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V |0.2 
Rp BATTERY | }4F 
i 


DUT 


A Rg + 
Ves= 24 | ~ YD 
PULSE WIDTH < 1.8 : [ i | 1.5mA 


DUTY FACTOR < 0.1% -Vps 
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SAMPLING RESISTOR — SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i HARRIS IRF350/351/352/353 
IRF350R/351R/352R/353R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
TO-204AA 
© 13A and 15.0A, 350V - 400V BOTTOM VIEW 
®* rps(on) = 0.32 and 0.42 
¢ Single Pulse Avalanche Energy Rated* SOURCE — 
Pa (FLANGE) 
e SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds m 
e Linear Transfer Characteristics 
GATE 


© High Input Impedance 


Description 


The IRF350, IRF351, IRF352, and IRF353 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRF350R, IRF351R, IRF352R and IRF353R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 


avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel S 
package. 
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Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF350 IRF351 IRF352 IRF353 
IRF350R IRF351R IRF352R IRF353R UNITS 

Draiti- Source Vonage (1) cisesccssctacusecsasicasaces Vos 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20kKN) (1)........... ee eee VDGR 400 350 400 350 V 
Continuous Drain Current 

Ter od dr ticdvaceeteincsivenavaciudtaseosans Ip 15 15 13 13 A 

Te NOG cc ccentccneweneanins tees ew ee eene ema ID 9.0 9.0 8.0 8.0 A 
Pulsed Drain Current (9) 6. cases cus seesevacunsen sien ones IDM 60 60 52 52 A 
Gale-SOUrCe VONAIS cai cand aw evensees we cee ved ewe Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TG FRG 5 con ns ccaseancenanva cds eps ns wow sew de ewe Pp 150 150 150 150 W 
Linger Deratiid FAC «scsneces0cc assennsewnun dau sexes us 12 12 12 1.2 W/°C 
inductive Current, Clamped 2.666 0c ccc sescecwaans nas ILM 60 60 52 52 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 700 700 700 700 mj 
Operating and Storage Junction ..............008. Ty IstqG ~55to+150 -55to+150 -S55to+150 -55to +150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering............... Th 300 300 300 300 °C 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1.Tjy= +25°C to +150°C. 4. Vop = 40V, starting Ty = +25°C, L = 5.66mH, Res = 500, Ipeak = 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 15A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 82 6.1 
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IRF350, IRF3517, IRF352, IRF353 IRF350R, IRF357R, IRF352R, IRF353R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_ | Vas=OV, Ip =-250pA 
IRF350/352, IRF350R/352R 


IRF351/353, IRF351R/353R 


[Gata TreohoniVatega” | Vaan [Wos=Vau iy Seen [a | = | ae 
Gaectoucsleiagsromed” | lesa [ag=aar 
'Gate-SourceLeahagefievene | iges |Vas=-200 = 100 a 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgs = OV Fo - { - {| 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 uA 
Ty = +1259C 


On-State Drain Current (Note 2) 
IRF350/351, IRF350R/351R 


IRF352/353, IRF352R/353R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF350/351, IRF350R/351R 


IRF352/353, IRF352R/353R 


Forward Transconductance (Note 2) 
Input Capacitance Ciss 


ID(ON) 


Vas = OV, Vps = 25V, f = 1.0MHz 


Ouiput Capacitance Sosa | Mauer ts P= | 400 | - | oF | 
Reverse Transfer Capacitance Crss 


VoD = 180V, Ip = 80, Zo= 4.79 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 

erect 


Total Gate Charge VGs = 10V, Ip = 18A, Vps = 0.8V Max 79 120 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge (Gate charge is essentially independent of ee ee oe 


operating temperature. 
Gate-Drain (‘Miller’) Charge F ) 


6 
Internal Drain Inductance Lp Measured between Modified MOSFET 5.0 nH 
the contact screw on | symbol showing the 
header thatis closer | internal device 
to source and gate inductances. D 
pins and center of I 
center of die. 
Internal Source Inductance Le Measured from the 12.5 nH 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 
Janction-to-Case Foc [| TTTCSC~dCSC Cid iY «8 OC 
Case-to-Sink Recs | Mounting surface flat,smoothandgreased | - | 0.1 | - [| OCW | 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Reverse Recovery Time tr Ty = +1509C, IF =15A,dig/dt=100A/us | - | 1000 | - | ns | 


Reverse Recovered Charge Ty=+150°C, IF=15A,dif/dt=100A/is | - | 66 | - { wc | 


Forward Turn-on Time N Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


ISM 
[Diode Forward Voltage WWote2) | Vap _[ty=4250G ig=isAVos=wv +f - | - | 76 |v 
|r | 
| Orr 
to 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 40V, Start Ty = +25°C, L = 5.66mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 500, IpeEAK = 15A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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Zthyc(t)/Rynyc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


IRF350, IRF351, IRF352, IRF353 IRF350R, IRF3517R, IRF352R, IRF353R 
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Ip, ORAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 
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Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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SINGLE PULSE 
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Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF350, IRF351, IRF352, IRF353 IRF350R, IRF351R, IRF352R, IRF353R 


| | ere. | ee || 
1. ee 


2 
" a ae a ee 


— Vos > !p(on) * Ros(on) max. 


| 


ts, TRANSCONDUCTANCE (SIEMENS) 
lpr. REVERSE DRAIN CURRENT (AMPERES) 


0 4 8 12 16 20 0 1 2 3 4 
Ip. ORAIN CURRENT (AMPERES) Vsp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


1.25 


ROS (on). GRAIN 70-SOURCE ON RESISTANCE 
(NORMALIZED) 


BV pss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


Crss = Coa 
Cos C 


=Cds + Cog 


C, CAPACITANCE (pF) 
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aNa a 
CNSR 


Vos. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 


Ls Pa SEE FIGURE 18 
0 10 20 30 40 50 0 28 56 84 112 140 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Og. TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF350, IRF351, IRF352, IRF353 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


0 10 20 30 40 50 60 70 
Ip, ORAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 


Rosion). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


E,= 0.5BVpsg Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 
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FIGURE 16. SWITCHING TIME TEST CIRCUIT 


IRF350R, IRF3517R, IRF352R, IRF353R 
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FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 
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FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
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FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i HARRIS 


August 1991 


Features 

e 25A and 22A, 400V 

® rps(on) = 0.200 and 0.252 

e Single Pulse Avalanche Energy Rated 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRF3860 and IRF362 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis- 
tors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 


The IRF-types are supplied in the JEDEC TO-204AE metal 
package. 


IRF360 
IRF362 


N-Channel Power MOSFETs 
Avalanche-Energy Rated 


Package 
TO-204AE 
BOTTOM VIEW 


SOURCE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


D 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


Continuous Drain Current 
To = +259C 
To = +1009C 
Pulsed Drain Current (1) 
Gate-Source Voltage 
Maximum Power Dissipation 


Linear Derating Factor 

Single Pulse Avalanche Energy Rating (2) 
See Figure 14 

Avalanche Current, Repetitive or Non-repetitive (1) 

Operating and Storage Junction 

Temperature Range 

Maximum Lead Temperature for Soldering 

(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


2. Vop = SOV, starting Ty = +25°C, L = 2.8mH, Res = 25N, Peak I, =25A. 
3. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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IRF360 IRF362 


=55 10 +150 -55 to +150 


300 300 


2276.1 


File Number 


Specifications IRF360, IRF362 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS |} MIN | TYP | MAX | UNITS 


[Bra Source Breakdown Volage | 8Vpgs [Vas=OVip=28qa | ao | TT 
[Gate Threshold Votage | Vegqny [Vos=Ves. p= 250A ——~—~—~S*dY Cio | dt ef 


Zero Gate Voltage Drain Current IDss Vps = Max Rating, Vgs = OV 


On-State Drain Current (Note 3) 
IRF360 


IRF362 


Static Drain-Source On-State 
Resistance (Note 3) 
IRF360 


IRF362 
Forward Transconductance (Note 3) 
Input Capacitance 
Output Capacitance 
Reverse Transfer Capacitance 
Turn-On Delay Time 
Rise Time 


VDS > ID(ON) X DS(ON) Max: V@s = 10V 


ID(ON) 


Vps = Max Rating x 0.8, Vag = OV, f> | 
Tj = +1250C 
| 22 


TDS(ON) VGsS = 10V,Ip =14A 


| = | 020 | 026 | 2 
Sfs__|Ips=14AVps>50V_ Ta tS) 


iss Vas = OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


Vpopb = 200V, Ip = 25A, RG = 4.32 
Rp = 7.59. (MOSFET switching times 
are essentially independent of operating 


Turn-Off Delay Time temperature) 


td(OFF 
Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


Loma 
—* 


alajlo 
c OF ff 10 lH IM 
‘@) ZIN ID 


VGS = 10V, Ip = 25A, Vps = 0.8V x Max 
Rating. See Figure 16 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 

pins and center of 
center of die. 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance 


_ 
op) 


Junction-to-Case 
Case-to-Sink 
Junction-to-Ambient 


Mounting surface flat, snooth and greased 


Free air operation 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


a 
31 [7 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 
NOTES: 


1. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

2. Vop = SOV, Starting Ty = +25°9C, L = 2.8mH, I = 25A 

3. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 


Recs 
R@JA 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


E 


ISM 


Diode Forward Voltage (Note 2) 


Reverse Recovery Time 
Reverse Recovered Charge 


VSD 
ter 
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IRF360, IRF362 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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BVpss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


IRF360, IRF362 


BOps PULSE TEST 


TRANSCONDUCTANCE (SIEMENS) 


Ifs: 
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Ip. ORAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 8 - Breakdown voltage vs. temperature. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Ip_. REVERSE DRAIN CURRENT (AMPERES) 


Vep. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 9 - Normalized on-resistance vs. temperature. 


Vgg: GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 16 
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Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 14a - Unclamped inductive test circuit. Fig. 14b - Unclamped inductive waveforms. 
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Fig. 15a - Switching time test circuit. Fig. 15b - Switching time waveforms. 
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Features 

e 2.2A and 2.5A, 450V - 500V 

® rps(on) = 3.02 and 4.02 

¢ SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Description 


The IRF420, IRF421, IRF422, and IRF423 are n-channel 
enhancement mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The IRF-types are supplied in the JEDEC TO-204AA steel 
package. 


IRF420, IRF421 
IRF422, IRF423 


N-Channel Enhnancement Mode 
Power Field-Effect Transistors 


Package 
TO-204AA 
BOTTOM VIEW 


DRAIN 
J (FLANGE) 


SOURCE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF420 


500 
500 


Drain-Source Voltage (1) 
Drain-Gate Voltage (RGs = 20k) (1) 
Continuous Drain Current 
25 
To = +1009C 1.6 
Pulsed Drain Current (3) 10 
Gate-Source Voltage £20 
Maximum Power Dissipation 
50 
Linear Derating Factor 0.4 
Inductive Current, Clamped 10 
(See Figures 14 & 15, L = 100uH) 
Operating and Storage Junction 
Temperature Range 
Maximum Lead Temperature for Soldering 
(0.063” (1.6mm) from case for 10s) 


-55to+ 


300 


NOTES: 


1. Ty = +25°C to +150°C 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling 
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IRF421 IRF422 IRF423 UNITS 


450 
450 


2.5 

1.6 

10 
+20 


50 
0.4 
10 


150 -55to+150 <-S55to+150 ~-55to+150 oC 


300 300 300 °C 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


procedures should be followed. 
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Specifications IRF420, IRF421, IRF422, IRF423 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| Vas=OV, Ip = 250uA 
IRF420, IRF422 


Han | unre 


Roe a 
[Gate Threshold Voltage | Vasa [Vos=Vasn=2500a———S~=~—~‘T S| = «dT | 


Gate-Source Leakage Forward less | Vag =20V | = | = | 
Gate-Source Leakage Reverse less |Vaqs=-20V | = | = | 
Zero Gate Voltage Drain Current Ipss___| Vps = Max Rating, Vgs = OV Po = | - | 250 [| pA | 


Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +1259C 


VpDS > ID(ON) X "DS(ON) Max: VGS = 10V 


On-State Drain Current (Note 2) 
IRF420, IRF241 


IRF242, IRF243 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF420, IRF241 


IRF242, IRF243 


Forward Transconductance (Note 2) Sts 
Input Capacitance ISS 
Output Capacitance 
Reverse Transfer Capacitance 
Turn-On Delay Time tdi(ON Vop = 250V, Ip = 2.5A, Rg = 189 

See eee ea Uy 

; are essentially independent of operating 
Turn-Off Delay Time td(OFF temperature) 
t 


Fall Time 


Total Gate Charge | So | VGs = 10V, Ip = 2.5A, Vps = 0.8 Max 


(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


Gate-Source Charge | Qgs _| (Gate charge is essentially independent of 


operating temperature. 
Gate-Drain (“Miller”) Charge | Qoq | ieniel ) 
Internal Drain Inductance 
Ls 
; ns cS 
Junetion-to-Case Roc | 
Case-to-Sink Recs | Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


ID(ON) 


TDS(ON) VGs = 10V, Ip = 1.4A 


Ves = OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


O1QO 
YIM 
YM |W 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance 12.5 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current Ism integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) Ty = +259C, Is = 2.5A, Vas = OV 
Reverse Recovery Time Ty = +259C, Ip = 2.5A, dip/dt = 100A/us 


13 
Reverse Recovered Charge [ 


Forward Turn-on Time 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% Transient Thermal Impedance Curve (Figure 5) 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


Tj = +250G, Ip = 2.5A, di¢/dt = 100A/us 0 


on 
EE 
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IRF420, IRF421, IRF422, IRF423 


Performance Curves 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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N-CHANNEL 
POWER MOSFETs 


Ip. ORAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 


0 4 B 12 16°. «20 “4 2 5 49 2 1022 5 4032 8 104 
Vos: DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vp. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 


10 erm ES CE SE ee ee O06 EES come one Oe ae ars oo © ee ees ee eee Hy 


= aa ao eee a aa sns! il . DUTY FACTOR, D=t,/to 
1072 Tt 2, PEAK Ty-Pow * Zenug * "ec 


4079 1074 4073 107¢ 0.1 4 10 
t,, RECTANGULAR PULSE DURATION (SECONDS) 


THERMAL RESPONSE (Zp yc) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF420, IRF421, IRF422, IRF423 


Performance Curves (Continued) 


Say ar a 
i ae 
/ 


TRANSCONDUCTANCE (SIEMENS) 


Ippn. REVERSE DRAIN CURRENT (AMPERES) 


ad 0.8 1.6 2.4 3.2 4.0 
Ip. ORAIN CURRENT (AMPERES) Vsgp. SOURCE-TO-DRAIN ae oes 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 


~ 


(NORMAL IZED) 


DRAIN-TO-SOURCE ON RESISTANCE 


Abs (on): 


BVpsgg. ORAIN-TO-SOURCE BREAKOOWN VOLTAGE 
(NORMALIZED) 


0.0 
a.7355 -40 -20 0 20 40 60 80 100 120 140 160 -60 -40 -20 0 20 40 60 80 100 120 140 160 


‘ T , JUNCTION TEMPERATURE ( °C) 
Ty. JUNCTION TEMPERATURE ( °C) J 


FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


= Cys + Cog. Cys SHORTED 
= fC 
“gd 
Gis * tgs Spat Cy * By 


C. CAPACITANCE (pF) 
Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 


Bas: es | || SEE FIGURE 16 
4 2 5 10 2 5 10¢ 0) 4 8 12 16 20 


Vp. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Gg. TOTAL GATE CHARGE (nC) | 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRF420, IRF421, IRF422, IRF423 


Performance Curves (Continued) 
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DRAIN-TO-SOURCE ON RESISTANCE 


DRAIN CURRENT (AMPERES) 


Ip: 
oO 


E 
wo 
ow 
e aa 75 100 
Ip. DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK IL 


tp 


IL 


C] 
i 
2% 
<= 

ce 
sf 
a. 


Ey = 0.5BVpss Vo= 0.75 BVpss 


FIGURE 14. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15. CLAMPED INDUCTIVE WAVEFORMES 


+Vps 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V 02 
BATTERY 
ancl 


DUT 
Rg Vop 


t 
y} tp ro oe 


“Vos 
PULSE WIDTH < 11S 1G CURRENT Ip CURRENT 
DUTY FACTOR < 0.1% ake SHUNT RESISTOR ~ SHUNT RESISTOR 


FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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August 1991 


Features 


IRF430/431/432/433 
IRF430R/431R/432R/433R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 


e 4.0A and 4.5A, 450V - 500V 

* rps(on) = 1.52 and 2.02 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF430, IRF431, IRF432, and IRF433 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF430R, IRF431R, IRF432R and IRF433R types are 
advanced power MOSFETs designed, tested, and guaranteed 


to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-204AA steel S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF430 IRF431 IRF432 IRF433 
IRF430R IRF431R IRF432R IRF433R UNITS 

Drain-Source Voltage (1) ci ciceradicanecavses vecsad ave Vos 500 450 500 450 V 
Drain-Gate Voltage (RG@S = 20k) (1)...... ce cece eee VDGR 500 450 500 450 V 
Continuous Drain Current 

Tip Peo GS wcivccsssenberctcaonagaperesdsausanesce Ip 4.5 4.5 4.0 4.0 A 

TSP 10OFG (cca ceeatndies see deteenreeawndenererse Ip 3.0 3.0 2.5 25 A 
Pulsed Brain GUrent (3) ve snses tacnan ad evwonecavcwnews IDM 18 18 16 16 A 
Gale-Source VONAGE cass csenecavevasenevnv een xewens Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TG SEO wb neb ee ers oeeee ede wae nnaetneode aed esces Pp 798 To 75 75 WwW 
Lingar Deratinig FactOfs asc nisns anaes cae viwdecuw veaan ves ee 0.6 0.6 0.6 0.6 W/9CG 
Inductive Current, Clamped «4.6% iss as cas vane cee crs cnns ILM 18 18 16 16 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas” 300 300 300 300 mj 
Operating and Storage Junction ............. eee Ty Tstg@ -55to+150 -55to+150 -55to+150 -55t0+150 1 © 

Temperature Range 

Maximum Lead Temperature for Soldering ............... Lie 300 300 300 300 sd ©) 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


TO-204AA 
BOTTOM VIEW 


DRAIN 


SOURCE ff (FLANGE) 


GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


4. Vop = SOV, starting Ty = +25°C, L = 25mH, Res = 200, IpeaK = 4.5A. 
5ee Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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IRF430, IRF431, IRF432, IRF433 IRF430R, IRF431R, IRF432R, IRF433R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| VGs= OV, Ip = 250yA 
IRF430/432, IRF430R/432R 


IRF431/433, IRF431R/433R 


[Gate ThreshoidVotage | Vas |Vos= Vos Io=2500A_——=S=~=~—~—‘s OTC Cd 
[Gate-SourceLeakageFoward | loss |Vas=20V SCS | 0 
[Gate-Source LeakageReverse | lass _|Vas=-20V. S| |i 100 


Zero Gate Voltage Drain Current lpss__| Vps = Max Rating, Vgg = OV | = | = | 250 |] pA | 
Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +1259C 
On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X "DS(ON) Max: V@S = 10V 
IRF430/431, IRF430R/431R 
IRF432/433, IRF432R/433R 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 2.5A 
Resistance (Note 2) 
IRF430/431, IRF430R/431R 
IRF432/433, IRF432R/433R fo | 
Forward Transconductance (Note 2) | gts _| Vps > 50V, Ip = 2.5A | 27 | 32 7 - | SU) 
Input Capacitance Ciss_ | Vas = OV, Vps = 25V, f = 1.0MHz | - | 600 | - | pF i. 
Output Capacitance Coss __| See Figure 10 | - | 100 | - | pF | 
Reverse Transfer Capacitance Crss Po | [| = | pr | 
Turn-On Delay Time | ta(On) | Vop = 250V, Ip = 4.5A, Rg = 122 | = | | ons | 
Rise Time t See Figure 16. (MOSFET switching times 
ike satel et deren: oer gl pons | 
Turn-Off Delay Time OFF) | temperature) = | ons | 
Fall Time i a [ns 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 0 


Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


Vgs = 10V, Ip = 6.0A, Vps = 0.8V Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance L 


n” 


oS 


Bo 
Mounting surface flat,smoothandgreased | - | O01 | - | °C/W | 


Feeareperion | | | fo 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Diode Forward Voltage (Note 2) Vsp_| Ty = +259C, Is = 4.5A, Vag = OV a ee ee ee 
Reverse Recovery Time trr | Ty = +259C, Ip =4.5A, dlp/dt=100A/us =| 180 | 370 | 760 | ns | 
Reverse Recovered Charge Ty = +2500, Ip = 4.5A, dif/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


Junction-to-Case 
Case-to-Sink 


Junction-to-Ambient RQJA 


DI] D e 
3 |= Of 
MIO 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


= 


ISM 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 50V, Start Ty = +259C, L = 25mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, IpEAK = 4.5A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF430, IRF431, IRF432, IRF433 IRF430R, IRF431R, IRF432R, IRFA33R 


6 
fe 


Cc a 
Vos > 'p(on) x Rosion) max. ae 


: Z ia 7 a 
a 
S : eno | 
= <3 
ws - 
« 3 z 
= 
z 3 
= z 2 
Ss? a can Ve She We tk ane = 
& r=) 
Ss 
1 i] 
0 1 200 0 1 2 3 4 5 6 ? 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vs. GATE TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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0 2 4 6 8 10 “0 2 5 10 20 50 100 a 500 
Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 


THERMAL IMPEDANCE (PER UNIT) 


1. DUTY FACTOR, 0 = z 


2. PER UNIT BASE = Rinyc = 1.67 DEG. C/W. 
SERRE 


| | tty 3. Tym - To = Pom Ztnsclt) 
eh 
10-5 2 5 10-4 2 5 10-3 2 5 10-2 2 5 10-1 2 5 1.0 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Zthyc(t)/Rengc. NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF430, IRF431, IRF432, IRF433 IRF430R, IRF431R, IRF432R, IRF433R 


gts. TRANSCONDUCTANCE (SIEMENS) 
Ipr. REVERSE DRAIN CURRENT (AMPERES) 


Ip, ORAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


1.25 
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to 
7 
2s 
=O 
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Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Vos = 10V 
Ip = 1.54 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


40 0 40 80 120 160 . -40 0 40 80 120 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


Sansa 
Salaw’ 4 


Ree 
A 


C, CAPACITANCE (pF) 


LCE 

KOE 
Sse 
= 


0 10 20 30 40 50 0 8 16 24 32 40 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 


Vos. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip = 6A 
FOR TEST CIRCUIT 
SEE FIGURE 18 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF430, IRF431, IRF432, IRF433 IRF430R, IRF431R, IRF432R, IRF4A33R 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


IRF430, IRF431 
IRF430R, IRF431R 


a 
| 


744 


Ros(on). DRAIN-TO-SQURCE ON RESISTANCE (OHMS) 
Ip. ORAIN CURRENT (AMPERES) 


0 5 10 1§ 20 25 25 125 150 
Ip, DRAIN CURRENT (AMPERES) Te. oe seireeeient (°C) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


Vos 


VARY tp TO OBTAIN 


REQUIRED PEAK I, Vpp 
Vac= 10V 
p 
Ey = 0.5 BVpss Ec= 0.75 BVpss 
FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 
FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 
Rp BATTERY |} F 
ee ba 


DUT 


I Rg + 
Vas= 4 | - Yop 
PULSE WIDTH < 1S | | {15mA 
DUTY FACTOR < 0.1% 0 — 


-Vps 
IG CURRENT —L Ip CURRENT 
at SAMPLING RESISTOR ~ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i HARRIS IRF440/441/442/443 
IRF440R/441R/442R/443R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
TO-204AA 
e 7A and 8A, 450V - 
anid GA, ye oor BOTTOM VIEW 
® rps(on) = 0.850) and 1.19 
¢ Single Pulse Avalanche Energy Rated* SOURCE pala 
Pal (FLANGE) 
e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds O A O 
e Linear Transfer Characteristics 
GATE 
® High Input Impedance 
Description 
The IRF440, IRF441 7 IRF442, and IRF443 are n-channel Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF440R, IRF441R, IRF442R and IRF443R types are N-CHANNEL ENHANCEMENT MODE ms 
advanced power MOSFETs designed, tested, and guaranteed ir 
to withstand a specified level of energy in the breakdown D 7 ie 
avalanche mode of operation. All of these power MOSFETs are = 8 
designed for applications such as switching regulators, a Ss 
switching converters, motor drivers, relay drivers, and drivers =e 
for high-power bipolar switching transistors requiring high G += 
speed and low gate-drive power. These types can be operated ro) 
directly from integrated circuits. &. 
The IRF types are supplied in the JEDEC TO-204AA steel S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF440 IRF441 IRF442 IRF443 
IRF440R IRF441R IRF442R IRF443R UNITS 

Drain-Source Voltage (1) .assescscuc needa sae cuanws ans Vos 500 450 500 450 V 
Drain-Gate Voltage (RG@sS = 20K) (1)........... ee eee VDGR 500 450 500 450 V 
Continuous Drain Current 

TG FOSS scecactavien sre annne sn 106 boa He tpenonneese Ip 8.0 8.0 7.0 7.0 A 

To =t+1 Cuca nnd aeeuk babheess beeen hes ieeneen’ Ip 5.0 5.0 4.4 4.4 A 
Pulsed Drain Current (B) cos secw vswce ans waves cua wes eens IDM 32 32 28 28 A 
Gate-Source Voltage 2.2. cccccssces ese ccscweseces awe Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

Tey F2896 coccinea cen esens ies en 288 eee as ewe eee Pp 125 125 125 125 W 
Linear Devativig Far isis occas canen aie guess cas aceesave Xe 1.0 1.0 10 1.0 W/°C 
inductive Current, Clamped i.isiscsa ccs ceccsiatacieees ILM 32 32 28 28 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 510 510 510 510 mj 
Operating and Storage Junction ...............06. Ty TsTG -55to+150 -S55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpop = 50V, starting Ty = +25°C, L = 14mH, Rgg = 252, Ipeak = 8A. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2308 1 
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IRF440, IRF441, IRF442, IRF443 IRF440R, IRF441R, IRF442R, IRF443R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss’__ | Vas= OV, Ip = 250yA 
IRF440/442, IRF440R/442R 


IRF441/443, IRF441R/443R 


| 450 _| 
[Gate TireshoidVatage | Vaan [Vos =Vas, b= 280A 20 [=f a 
[Gete-Source Leakage Forward | lass Vas=20V———] - ] =] 900 nn 
[Gete-SourceLeakagefieverse | Iggs[Vas=-207 = = 100 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgs = OV | = | - | 250 | pA | 


Twin[ TYP _[ MAX_| UNITS 


Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +125°9C 


ID(ON) | YDS > !D(ON) X "DS(ON) Max VGs = 10V 


On-State Drain Current (Note 2) 
IRF440/441, IRF440R/441R 


IRF442/443, IRF442R/443R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF440/441, IRF440R/441R 


IRF442/443, IRF442R/443R 


TDS(ON) | VGS = 10V, Ip = 4.4A 


VGs = 10V, Ip = 8A, Vps = 0.8V Max 


Total Gate Charge 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


Gate-Source Charge (Gate charge is essentially independent of 


oe une ting t ture. 

Gate-Drain (‘Miller’) Charge : operating temperature.) 
Lp 
Roc 


See Figure 16.(MOSFET switching times 
are essentially independent of operating 
temperature) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance 


Junction-to-Case 
Case-to-Sink 


Junction-to-Ambient 

Diode Forward Voltage (Note 2) Ty = +250G, Is = 8.0A, Veg = OV 

Reverse Recovery Time Ty = +250C, Ir = 8.0A, di¢/dt = 100A/ps 210 
Reverse Recovered Charge Ty = +259C, Ir = 8.0A, dig/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


Internal Drain Inductance 
R 


Modified MOSFET 
symbol showing the 
integral reverse 

P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 14mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, IpeEAK = 8A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF440, IRF441, IRF442, IRF443 IRF440R, IRF4417R, IRF442R, IRF443R 


Performance Curves 


nee eae 

80ps PULSE TEST ae comes 

- | ae inal 

oO ~ 

| 

a 7 — 

Z : — 

: == 

oO =| = 

oO nae ee 

z a  ccemasinel 

cE 

See eet 

== 

0 50 100 150 200 250 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


IRF 440, 1 


IRF 442, 3 
¢ 


N-CHANNEL 
POWER MOSFETs 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 


4-263 


IRF440, IRF441, IRF442, IRF443 IRF440R, IRF441R, IRF442R, IRF443R 


Performance Curves (Continued) 


Vos > 50V 
BOps PULSE TEST 


TRANSCONDUCTANCE (SIEMENS) 


Ipq. REVERSE DRAIN CURRENT (AMPERES) 
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FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
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IRF440, IRF441, IRF442, IRF443 IRF440R, IRF4417R, IRF442R, IRF443R 


Performance Curves (Continued) 
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TEMPERATURE 


Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK IL 


GS = 


E,= 0.5BVpssg Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 
Rp BATTERY (BF 


DUT 


K Re + 
Ves= 4 | -Ypb 


PULSE WIDTH < 14:58 . | | 1.5mA 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT —L- Ip CURRENT 
= SAMPLING RESISTOR — SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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ig HARRIS IRF450/451/452/453 
IRF450R/451R/452R/453R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
TO-204AA 
e11A and 13A, 450V - 500V BOTTOM VIEW 
* rps(on) = 0.42 and 0.52 
e Single Pulse Avalanche Energy Rated* SOURCE peels 
g J (FLANGE) 
® SOA is Power-Dissipation Limited “O- 
¢ Nanosecond Switching Speeds O a O 
e Linear Transfer Characteristics 
GATE 
e High Input Impedance 
Description 
The IRF4S50, IRF451, IRF452, and IRF453 are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF450R, IRF451R, IRF452R and IRF453R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-204AA steel S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF450 IRF451 IRF452 IRF453 
IRF450R IRF451R IRF452R IRF453R UNITS 

Drain-Source Voltage (1) ......cccccccecccccnccvccces Vos 500 450 500 450 V 
Drain-Gate Voltage (RGsS = 20k) (1).............06. VDGR 500 450 500 450 V 
Continuous Drain Current 

To = +25°9C OTT CTT ET TCC TET CeO TPCT TCC TCE Te Ip 13 13 5 i 11 A 

Fe FCG wes xe deca eatadue tse avaxcsssmadusecsnnd Ip 8.1 8.1 rp ie A 
Pulsed Drain Gutrent(S) «0 cscccccsncvves sesencacasccace IDM 52 52 44 44 rN 
Gate-Souree VONEGG o.ccscieeteenscss cases sswnwees’s Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

Tc= PAB Geietndene kod saGee oe avaaeaeNabdeansnea Pp 125 125 125 125 W 
Linear Derating Factors cscccaac0eeee sad cease anandieesas re 1.2 12 12 12 W/°C 
inductive Current, Clamped ........0cesceseeseceneeers ILM $2 52 48 48 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 860 860 860 860 mj 
Operating and Storage Junction ..............006- Ty TsTtG -S5to+350 -S55to+150 -55t0+150 -55to +150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering ............... Th 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1.Ty= +25°C to +150°C. 4. Vop = 25V, starting Ty = +25°C,L = 9.2mH, Res = 252, IpEaK = 13A. 
2. Pulse Test: Pulse width < 300s, Duty Cycle < 2%. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 827 1 
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IRF450, IRF4517, IRF452, IRF453 IRF450R, IRF451R, IRF452R, IRF453R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| VGs= OV, Ip = 250uA ae Lee |e! 
500 V 


IRF450/452, IRF450R/452R 


IRF451/453, IRFAS1R/A5GR aso_[ - | - | v_ 
Gate Threshold Voltage Vesrtx) | Vos =Vas; Ip = 250uA | 20 | - | 40 | vi | 
Gate-Source Leakage Forward lass _ |VGs=20V | - {| -  { 100 {| nA | 
Gate-Source Leakage Reverse lass |Vq@s=-20V | - [| -  { -100 [ nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vag = OV | - | - | 250 

Vps = Max Rating x 0.8, Vgs = OV, pA 
Ty = +1250C 
On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X "DS(ON) Max VGS = 10V 
IRF450/451, IRF450R/451R 13 A 
IRF452/453, IRF452R/453R 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip =7.2A 
Resistance (Note 2) 
IRF450/451, IRF450R/451R 9) 
IRF452/453, IRF452R/453R | = | 04 | 0. 
Forward Transconductance (Note 2) Vps > 50V, Ip = 7.2A | 60 | 11 =| - | S(U) 
Input Capacitance Ciss__| Vas = OV, Vps = 25V, f = 1.0MHz | - | 1800 | - | pF | 
Output Capacitance Goss _| See Figure 10 = [400 [=F 
Reverse Transfer Capacitance Crss | = | 100 | = | pF I 
Turn-On Delay Time Vpp = 250V, Ip = 1A, Ag =6.20 es a 
Rise Ti See Figure 16. (MOSFET switching times 

Rigen | ttivindedanienetopesing = (be 
Turn-Off Delay Time ta(OFF) | tommnersture es 
Fall Time 35 | 60 | ns 
Total Gate Charge Ves = 10V, Ip = 13A, Vps = 0.8V Max 85 130 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

te- h (Gate charge is essentially independent of 12 
Gate-Source Charge Ae ee a ee ee 
Gate-Drain (Miller) Gharae ee a 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


Internal Drain Inductance 


| Qga _| 
Internal Source Inductance 12.5 aa 
Taneton-to- Case A cc SA 


Case-to-Sink Rocs | Mounting surface flat,smoothandgreased | - | O1 | - | OCW | 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Is 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Diode Forward Voltage (Note 2) Ty = +250C, Ig = 13A, Vgs = OV re ee 
Reverse Recovery Time Ty = +259C, Ip =13A,dip/dt=100A/us | 280 | 600 | 1200 | ns | 
Reverse Recovered Charge | QrarR_ | Ty=+259C, Ip = 13A, dig/dt = 100A/ps 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls +Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°C, L = 9.2mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpEAK = 13A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF450, IRF451, IRF542, IRF453 IRF450R, IRF451R, IRF542R, IRF453R 


Performance Curves 
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IRF450, IRF451, IRF452, IRF453 IRF450R, IRF451R, IRF452R, IRF453R 


Performance Curves (Continued) 
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IRF450, IRF451, IRF452, IRF453 IRF450R, IRF4517R, IRF452R, IRF453R 


Performance Curves (Continued) 


IRFP450, IRFP451 
IRFP450R, IRFP451R 


IRFP452, IRFP4 
IRFP452R, IRFP 


DRAIN-TO-SOURCE ON RESISTANCE 
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FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 
Ys 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Vas = 10V DUT Vae= 10V |j~e— 
tp GS y | tp 


IL 


E, = 0.5BVpsg Ec= 0.75BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 


Rp BATTERY | BF 


DUT 


h Rg + 
Vas= 4 | ~ Yop 
PULSE WIDTH < 14S | | 1 15mA 
(6) —_—«———— 


DUTY FACTOR < 0.1% -Vps 
Ig CURRENT —L Ip CURRENT 
= SAMPLING RESISTOR ~ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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IRF460 
IRF462 


N-Channel Power MOSFETs 


i HARRIS 


August 1991 Avalanche-Energy Rated 
Features Package 
TO-204AE 
° 21A and 19A, 500V BOTTOM YEW 
®* rps(on) = 0.272 and 0.352 
e Single Pulse Avalanche Energy Rated SOURCE F ee 


© SOA is Power-Dissipation Limited 
* Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRF460 and IRF462 are advanced power MOSFETs | Terminal Diagram 
designed, tested, and guaranteed to withstand a specified level 


of energy in the breakdown avalanche mode of operation. N-CHANNEL ENHANCEMENT MODE ‘a 
These are n-channel enhancement-mode silicon gate power - 
: 4 . ee Jj Ll 
field-effect transistors designed for applications such as D i 
switching regulators, switching converters, motor drivers, relay = 3 
drivers, and drivers for high-power bipolar switching transis- = = 
tors requiring high speed and low gate-drive power. These <-o 
types can be operated directly from integrated circuits. G 3 = 
The IRF-types are supplied in the JEDEC TO-204AE metal 4 
package. 
Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRF460 IRF462 UNITS 

Continuous Drain Current 

TSH FSS 6 se cvedvarsdrsvceunanans pause enaveseee wanes ys ID 21 19 A 

TO vine diese satbndesadeewoureivesetaasiesacaes ID 14 12 A 
Pulsed Drain Cunreat()) visa isvsen nse ose necexnnenesennenwon IDM 84 76 A 
Gate-Source VONAGE 1sscsccsscaris vans cveavanas Mawes wes we Vas £20 +20 V 
Maximum Power Dissipation 

TS PASS 5 das pecs ee ersne serie sesiveniyaner ofe 28een sees Pp 300 300 W 
Linger DEVOURS FAG bcc dc wenn cendueds doeeacedkebeentesunaueund 2.4 2.4 W/°C 
Single Pulse Avalanche Energy Rating (2).............eeee0e- Eas* 1200 1200 mj 

See Figure 14 
Avalanche Current, Repetitive or Non-repetitive (1)............. lAR 21 21 A 
Operating and Storage JUNCTION ........ ccc cece eeeees Ty, TSTG -55 to +150 -55 to +150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering ............000eeeee TL 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


2. Vpp = 5OV, starting Ty = +25°C, L = 4.9mH, Res = 25, Peak |, = 21A. 
3. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2277 1 
Copyright © Harris Corporation 1991 
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IRF460, IRF462 


ELECTRICAL CHARACTERISTICS At Case Temperature (Ty) = 25°C Suess Otherwise Specified | 


BVpss_ODrain-to-Source Breakdown Voltage | ALL | 


R Static Drain-to-Source 
aaeil On-State Resistance @ 


ID(on) - On-State Drain Current @ 
VGsith) Gate Threshold Voltage 


Ofs Forward Transconductance @) 


loss Zero Gate Voltage Drain Current 
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@® Repetitive Rating; Pulse width limited by 
maximum junction temperature (see figure 5) 
Refer to current HEXFET reliability report 
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VEs5 = 


Vos = 


= 10V, Ip = 


OV, Ip = 250 vA 


12A 


= V6Es. Ip = 250pA 
= 50V, Ips = 12A 


Max. Rating, Vgg = 


Vps = 0.8 x Max. Rating 


V6és = 
Vas = 


OV, Ty = 125°C 
20V 

-20V 
= 10V, Ip = 21A 


= 0.8 x Max. Rating 


See Fig. 16 
(Independent of operating temperature) 


= 250V, Ip = 


= 120 


Measured from the drain 
lead, 6mm (0.25 in.) from 
package to center of die. 


Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 


pad. 


Ves = OV, Vos = 25V 


oe 


1.0 MHz 


See Fig. 10 


Typical socket mount 


300 us; Duty Cycle < 2% 


21A, Rg = 


OV 


4.32 


Modified MOSFET symbol 
showing the internal 
inductances. 


oe coes Mounting surface flat, smooth, and greased 


Test Conditions 


Modified MOSFET symbol showing the integral 


Reverse p-n junction rectifier. 


ij = 


= 25°C, Ig = 


= 26°C lp = 


21A, Ves = 


21A, didt = 


OV 


100 Alus 


Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


(AMPERES) 


Ip. DRAIN CURRENT 


DRAIN CURRENT (AMPERES) 


Ip. 


IRF460, IRF462 


80p»s PULSE TEST 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 5 - Maximum effective transient thermal impedance. iunction-to-case vs. pulse duration. 
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IRF460, IRF462 
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IRF460, IRF462 
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Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 15a - Switching time test circuit. Fig. 15b - Switching time waveforms. 
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a HARRIS IRF510/511/512/513 
IRF510R/511R/512R/513R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
e 4.9A and 5.6A, 80V - 100V 
* rps(on) = 0.549 and 0.742 
e Single Pulse Avalanche Energy Rated* DRAIN — SOURCE 
(FLANGE) a DRAIN 
e SOA is Power-Dissipation Limited $= 
C—O —— + 


L, 


TO-220AB 
TOP VIEW 


GATE 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


® High Input Impedance 


Description 


The IRF510, IRF511, IRF512, and IRF513 are n-channel Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRF510R, IRF511R, IRF512R and IRF513R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF510 IRF511 IRF512 IRF513 
IRF510R IRF511R IRF512R IRF513R UNITS 


Drain-Source Voltage (1) 100 80 100 80 
Drain-Gate Voltage (RGs = 20k{) (1) 100 80 100 
Continuous Drain Current 
To = +259C 5.6 : 49 
To = +1009C 3.4 
Pulsed Drain Current (3) 18 
Gate-Source Voltage +20 
Maximum Power Dissipation 
43 43 
Linear Derating Factor 0.29 0.29 
Inductive Current, Clamped 16 14 
(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4) 19 19 
Operating and Storage Junction -§5to+175 -55to+175 -55to+175 -55to+175 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1.Ty= +25°C to +150°C. 4. Vop = 25V, starting Ty = +25°C,L=91 OuH, Res = 252, IPEAK = 5.6A. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 573 1 
Copyright © Harris Corporation 1991 . 
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IRF510, IRF5117, IRF512, IRF513 IRF510R, IRF511R, IRF512R, IRF513R 


Electrical Characteristics To = 25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss__ | Vas = O*V, Ip = 250ynA 
IRF510/51 2, IRF510R/512R 


IRF511/513, IRF511R/513R 


Gate-Source Leakage Forward Ios 
Gate-Source Leakage Reverse lass |VGs=-20V 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vgg = OV Fo - [| =  { 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
Ty = +1509C 
On-State Drain Current (Note 2) ID(ON) | YDS>!D(ON) X DS(ON) Max: VGS = 10V 

IRF510/511, IRF510R/511R 5.6 A 


IRF51 2/513, IRF512R/513R 


Static Drain-Source On-State 'DS(ON) | VGs = 10V, Ip =3.4A 
Resistance (Note 2) 
IRF510/511, IRF510R/511R 


IRF51 2/513, IRF512R/513R 


io) 


Forward Transconductance (Note 2) 


| ta(ON) | VoD = 5OV, Ip = 5.6A, Rg = 242 


See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 

Total Gate Charge Vas = 10V, Ip = 5.6A, Vpsg = 0.8V Max 

(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

a (Gate charge is essentially independent of 
|Gate-SourceCharge | Ogs | Soorating temperature) 

Gate-Drain (‘Miller’) Charge 

Internal Drain Inductance Measured from the Modified MOSFET 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 

Measured from the 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 

Internal Source Inductance Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Junction-to-Case Rac 
Case-to-Sink Recs Mounting surface flat, smooth and greased 
Junction-to-Ambient RaJA Free air operation 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) Ty = +25°9C, Ig = 5.6A, VGs = OV 
Reverse Recovery Time Ty = +259C, IF = 5.6A, dif/dt = 100A/us 
Reverse Recovered Charge = 


Forward Turn-on Time 


Ty = +25°C, IF = 5.6A, dif/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°9C, L = 910yH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 259, IpEAK = 5.6A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF5170, IRF577, IRF512, IRF513 IRF510R, IRF5117R, IRF512R, IRF513R 


Performance Curves 
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IRF5170, IRF517, IRF512, IRF513 IRF510R, IRF511R, IRF512R, IRF513R 


Performance Curves (Continued) 
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IRF510, IRF511, IRF512, IRF513 IRF510R, IRF5117R, IRF512R, IRF513R 


Performance Curves (Continued) 
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i HARRIS IRF520/521/522/523 
IRF520R/521R/522R/523R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
© 8A and 9.2A, 80V - 100V 
® rps(on) = 0.272 and 0.362 


TO-220AB 
TOP VIEW 


DRAIN 
E——— 
_ <a ORAIN 


® SOA is Power-Dissipation Limited | — GATE 
¢ Nanosecond Switching Speeds 


e Single Pulse Avalanche Energy Rated* 


e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRF520, IRF521, IRF522, and IRF523 are n-channel Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRF520R, IRF521R, IRF522R and IRF523R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 
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Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF520 IRF521 IRF522 IRF523 
IRF520R IRF521R IRF522R IRF523R UNITS 


Drain-Source Voltage (1) 100 80 100 80 
Drain-Gate Voltage (RGs = 20k{) (1) 100 80 100 80 
Continuous Drain Current 
To = +259C 9.2 9.2 8 
To = +1009C 6.5 6.5 5:6 
Pulsed Drain Current (3) 37 37 32 
Gate-Source Voltage +20 #20 +20 
Maximum Power Dissipation 
60 60 60 
Linear Derating Factor 0.4 0.4 : 0.4 
Inductive Current, Clamped 32 32 28 
(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4) 36 36 
Operatine and Storage Junction -§5to+175 -55to+175 -55to+175 -55to+175 
Tempereii: °c Range 
Maximurn cad Temperature for Soldering 300 300 300 
(0.063” , 1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 4. Vpop = 25V, starting Ty = +25°C, L = 640ynH, Res = 250, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 9.2A. See Figures 15 & 16. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 574 1 
Copyright © Harris Corporation 1991 
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IRF520, IRF527, IRF522, IRF523 IRF520R, IRF527R, IRF522R, IRF523R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| Ves = OV, Ip = 250yA 
IRF520/522, IRF520R/522R 100 V 


IRF521/523, IRF521R/523R | so | - | - [ Vv. 
Gate Threshold Voltage Vos =VGs; |p = 250uA | = {| 40 | V¥ | 
es oe 
[=| =500 [na 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgs = OV | ~~ | = | 250 | pA | 


Vps = Max Rating x 0.8, Vas = OV, 1000 yA 
Ty = +150°9C 
On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X DS(ON) Max: VGS = 10V 
IRF520/521, IRF520R/521R 9.2 


A 
IRF522/523, IRF522R/523R | 8O | - | = | A | 


Static Drain-Source On-State 'DS(ON) | VGS = 10V, Ip = 5.64 
Resistance (Note 2) 
IRF520/521, IRF520R/521R 0.25 0.27 n 


IRF522/523, IRFS22R/520R [= [027 [ose [ a_| 
Forward Transconductance (Note 2) Vps> 5O0V, Ip = 5.6A za 
Input Capacitance Ciss Vas = OV, Vps = 25V, f = 1.0MHz 
Output Capacitance Coss __| See Figure 10 
Reverse Transfer Capacitance Crss 
Turn-On Delay Time | ta(on) | Vop = 5OV, Ip = 9.2A, Rg = 182 

eas ee MOE Hiek apie inaeaice 

- ! are essentially independent of operating 
Turn-Off Delay Time td(OFF temperature) 
t 


Fall Time 


Total Gate Charge ae | Vgs = 10V, Ip = 9.2A, Vps = 0.8V Max 


S(U) 
pF 
130 


7m 


p 
p 


mal 


13 
30 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


|Gate-Source Charge Charge | Ope (Gate charge is essentially independent of 
=. : d operating temperature.) 
Gate-Drain (“Miller”) Charge | Qgq | 


Internal Drain Inductance Measured from the Modified MOSFET 
contact screw on symbol showing the 
tab to center of die internal device 
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nc 
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4.1 
350 
25 
30 
18 
10 
20 
3.5 
| 
ae 


inductances. 
Measured from the 

drain lead, 6mm 

(0.25in.) from pack- 


350 
Tis0— 
Tie 
a 
a 
cs 


age to center of die 


Lp 
Internal Source Inductance Ls Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 
Rec 


= | 


Junction-to-Case 
Case-to-Sink R Mounting surface flat, smooth and greased 


Junction-to-Ambient R@JA Free air operation 
Source Drain Diode Ratings and Characteristics 


Continuous Source Current Is Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Pulse Soure~ Current ISM 
(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) Vsp Ty = +259, Is = 9.2A, Veg = OV | oe | 
Reverse Recovery Time try Ty = +2596, Ip = 9.2A, dig/dt = 100A/us 5 100 


1o)) 


Reverse Recovered Charge | QrRR | Ty = +2596, Ip = 9.2A, dig/dt = 100A/us 0.2 | oS | 1.4 | 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°C, L = 640uH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, Ipeak = 9.2A 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 15 & 16) 
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IRF520, IRF521, IRF522, IRF523 IRF520R, IRF521R, IRF522R, IRF523R 


Performance Curves 
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N-CHANNEL 
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a a | 
Pt TE TTT NEAT eos ia BEI 
| tT TTT NG MBB 


\ 
1Oms 


pe 


ee emnest nee 


Ip. ORAIN CURRENT (AMPERES) 
Ip. ORAIN CURRENT (AMPERES) 


Lt tt 
Te =25°C IAF521, 
T j=175°C 
SINGLE PULSE 
3.0 5.0 
Vos: ' BRAIN-TO-SOURCE “VOLTAGE “vours) Vps. ORAIN-TO-SOURCE VOLTAGE (voLTs S) 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 


Baa = 
LE = ae Tt 


tH E PUL 
a. SEAL EE pONSE) : 
i OO . DUTY FACTOR, D=t,/to 
P PEAK Ty=Pom Xx Ztenuc + Te 


THERMAL RESPONSE (24 jc) 


t,, RECTANGULAR PULSE DURATION (SECONDS) 
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4-283 


IRF520, IRF5217, IRF522, IRF523 IRF520R, IRF5217R, IRF522R, IRF523R 


Performance Curves (Continued) 
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80ps PULSE TEST 
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TEMPERATURE 


YEs = OV, f = {MHz 
Cigg 7 Cgg + Cgq. Cys SHORTED 
= Coq 
= Cys + Cgg Cgg / (Cgg + Cgq) 
Cys * “gg 


C, CAPACITANCE (pF) 


Vgg: GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 
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9 TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRF520, IRF527, IRF522, IRF523 IRF520R, IRF5217R, IRF522R, IRF523R 


Performance Curves (Continued) 
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FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
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REQUIRED PEAK IL Vpo 
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a. 


E,= 0.5BVpsg Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
a TYPE 
12V |0.2 AS DUT 
Rp BATTERY BF 


DUT 


, m . 
Ves= 4 | m?)?) 
PULSE WIDTH < 1S ; [ _ | ts sma 


DUTY FACTOR < 0.1% “Vos 
IG CURRENT —L Ip CURRENT 
= SAMPLING RESISTOR — SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i? HARRIS IRF530/531/532/533 
IRF530R/531R/532R/533R 


N-Channel Power MOSFETs 


May 1992 Avalanche Energy Rated* 
Features Package 
TO-220AB 
e 12A and 14A, 80V - 100V TOP VIEW 
® rps(on) = 0.162 and 0.232 
© Single Pulse Avalanche Energy Rated* DRAIN ee SOURCE 
: —_e _ eer —— DRAIN 
© SOA is Power-Dissipation Limited 
lL. = GATE 
e Nanosecond Switching Speeds — 
e Linear Transfer Characteristics 
¢ High Input Impedance 
Description 
The IRF530, IRFS31,, IRF532, and IRF533 are n-channel Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF530R, IRF531R, IRF532R and IRF533R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF530 IRF531 IRF532 IRF533 
IRF530R IRF531R IRF532R IRF533R UNITS 
Drain-Source Voltage (1) so acicsvivescesvannesrans ones Vos 100 80 100 80 V 
Drain-Gate Voltage (RGS = 20kK{|) (1)....... eee eee eee VDGR 100 80 100 80 V 
Continuous Drain Current 
TOWING. crins donactuvanbavenaduenivened concoue Ip 14 14 12 12 A 
To=+1 OOPS osisrescsascaveesssnteoewanemeesecearns Ip 10 10 8.3 8.3 A 
Pulses Dia CUNGNI) vicinsd conde ebwwt nce caw asums IDM 56 56 48 48 A 
Gaie-SOUrCS VOUAGS scciceevedenecvenseenweanae saan Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
TPAD S cets cc atcuncr asta wieess wewaecsaavenenwe’ PH 79 79 79 79 W 
Linear Derating Fasiol cccuccvcccssecve we noes wn cunasece owe 0.53 0.53 0.53 0.53 W/°C 
Inductive Current, ClAMped 6 csscscuscccscvecescesensns ILM 56 56 48 48 A 
(See Figure 14, L = 100u1H) 
Single Pulse Avalanche Energy Rating (4)............05- Eas" 69 69 69 69 mJ 
Operating and Storage Junction ..............0085 Ty Tstq -5Sto+175 -55to+175 -55to+175 -55to+175 oC | 
Temperature Range | 
Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC | 
(0.063” (1.6mm) from case for 10s) 
NOTES: | 
1.Ty= +25°C to +150°C. 4. Vop = 25V, starting Ty = +25°C, L = 530uH, Res = 259, | 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 14A. See Figure 15. : 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number y | 575.2 


Copyright © Harris Corporation 1992 
4-286 


IRF530, IRF531, IRF532, IRF533 IRF530R, IRF531R, IRF532R, [IRF533R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_|VGs= OV, Ip = 250pA 
IRF530/532, IRF530R/532R 


IRF531/533, IRF531R/533R 


| oo] = 
[Gate TiesholdVotage —_[Vasny [Vos = Vos 9 =250)k 20 = a 
[Gaio-SourceLeakage Foward | lass [Vag=20 = 00 
CC CCE a i OAS A 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgg = OV | = | - { 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +1259C 


On-State Drain Current (Note 2) ID(ON) | YDS>!D(ON) X (DS(ON) Max: VGS = 10V 
IRF530/531, IRF530R/531R 


IRF532/533, IRF532R/533R 


Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 8.3A 
Resistance (Note 2) 
IRF530/531, IRF530R/531R 


9) 
IRF582/533, IRFSS2A/533R [= [020 [02s [ a _ 
Forward Transconductance (Note2) | — gts__ | Vos > 50V, Ip = 8.3A 


Input Capacitance iss. |VGs=OV, Vps = 25V, f = 1.0MHz 
Output Capacitance See Figure 10 

Reverse Transfer Capacitance 
Turn-On Delay Time Vpp = 5O"V,7 Ip = 14A, Rg = 1222 


; See Figure 16. (MOSFET switching times 
Rise Time | tr | 
: f are essentially independent of operating 
Turn-Off Delay Time 


td(OFF)_| temperature) 
Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


FIalo 
Ol IS |e 
ZIN IM 


—_ 
— 


Vas = 10V, Ip = 14A, Vps = 0.8V Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Measured from the Modified MOSFET 

contact screw on symbol showing the 

tab to center of die internal device 
inductances. 

Measured from the 

drain lead, 6mm 

(0.25in.) from pack- 

age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


rm 


2|2 clol 
Oo 


Internal Source Inductance 


Junction-to-Case 
Case-to-Sink 0cs Mounting surface flat, smooth and greased 
Junction-to-Ambient Free air operation 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET “ 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Diode Forward Voltage (Note 2) Vsp Ty = +2596, Is = 14A, Vgs = OV 
Reverse Recovery Time trr Ty = +259C, Ip = 14A, dig/dt = 100A/us 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


S 


a 


Reverse Recovered Charge Ty = +259, Ip = 14A, dig/dt = 100A/us 


| 0.26 | 06 | 13 | 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°9C, L = 350yH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, Ipeak = 14A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF530, IRF537, IRF532, IRF533 IRF530R, IRF5317R, IRF532R, IRF533R 


Performance Curves 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 


IRF530, IRF531, IRF532, IRF533 IRF530R, IRF5317R, IRF532R, IRF533R 


Performance Curves (Continued) 
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IRF530, IRF531, IRF532, IRF533 IRF530R, IRF5317R, IRF532R, IRF533R 


Performance Curves (Continued) 


| | 
| IRF530, IRF531, 
' IRF530R, IRF531R 


DRAIN-TO-SOURCE ON RESISTANCE 
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FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 
YDs 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 


Vas = 10V DUT K 
Vgsg= 10V 
tp GS ie 


IL 


E1 = 0.5BVpss Ec= 0.75BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


BVoss 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+ Vos 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
+ TYPE 
12V |0.2 AS DUT 
Rp BATTERY }F 


DUT 


I Rg + 
Vas= 1 | -Vop 
PULSE WIDTH < 1S ; | | 1 15m 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT —L Ip CURRENT 
— SAMPLING RESISTOR ™ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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fg) HARRIS IRF540/541/542/543 
IRF540R/541R/542R/543R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
TO-220AB 
e 25A and 28A, 80V - 100V TOP VIEW 
® rps(on) = 0.0772 and 0.100 
e Single Pulse Avalanche Energy Rated* DRAIN seats 


C—O —Xx<——_—_s 
(FLANGE) SOURCE 


© SOA is Power-Dissipation Limited | DRAIN 
| —__EO— ee GATE 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF540, IRF541, IRF542, and IRF543 are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRF540R, IRF541R, IRF542R and IRF543R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 


avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 


N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF540 IRF541 IRF542 IRF543 
IRF540R IRF541R IRF542R IRF543R UNITS 

Drain-Source VONAGO) oc ccsccasnevssxewencannn naw Vos 100 80 100 80 V 
Drain-Gate Voltage (RGS = 20K) (1)........ 00... VDGR 100 80 100 80 V 
Continuous Drain Current 

Vet tos. (Perret ee Ter er rer rit Tere rer creer err ere ID 28 28 25 25 A 

TG PI0R SG csi enecavcn see sesds cc naeceseetewsnn aes Ip 20 20 17 17 A 
Pulsed Drain CurrenttS) cc iccaccissascsecses eas cayes x: IDM 110 110 100 100 A 
GBIO-Source VONEGS cas ccvecdscvnscesct sae vavenvnes Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

bl rtks a “SEP TETETTET ITT IT Teer ee eee Pp 150 150 150 150 W 
Linder DOratNG FOC ixéwsunes ae cevacned sav ennes duenesee 1.0 1.0 1.0 1.0 W/°C 
Inductive Current, CIAMPOE ois. cisde es cceneees sen aness ILM 108 108 96 96 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)...........0+8. Eas* 230 230 230 230 mJ 
Operating and Storage Junction ..............008- Tylstg ~“568t0+175 =-55to+175 -55t0+175 -55to+175 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 1 @ 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = 25V, starting Ty = +25°C, L = 440uH, Reg = 25, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 28A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2309.1 


Copyright © Harris Corporation 1991 
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IRF540, IRF541, IRF542, IRF543 IRF540R, IRF541R, IRF542R, IRF543R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 
Drain-Source Breakdown Voltage BVpss_ | Ves= OV, Ip = 250yA 

IRF540/542, IRF540R/542R 

IRF541/543, IRF541R/543R 


Gate Threshold Voltage Vescto) | Vps=VGs; !p = 250uA © 
Gate-Source Leakage Forward IGs Ves = 20V 
Gate-Source Leakage Reverse las Vas = -20V 


Zero Gate Voltage Drain Current Vps = Max Rating, Vas = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +1259C 


On-State Drain Current (Note 2) ID(ON) | YDS> !D(ON) X DS(ON) Max VGS = 10V 
IRF540/541, IRF540R/541R 


IRF542/543, IRF542R/543R 


Static Drain-Source On-State DS(ON) Vq@s=10V,Ip=17A 
Resistance (Note 2) 
IRF540/541, IRF540R/541R 


IRF542/543, IRF542R/543R 


| =| 500 
ee ee 


” 


ne) 
ioe) 


‘o} 
7) 


Vps> 50V, Ip = 17A 
VGs = OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


Ordo 
219 |e 
MIM |? 


ie) 


Flum-OnDelaytime _____——_—|-tagon)_| VoD = 50V,Ip = 28A, Rg = 9.10 

Rise Time See Figure 16. (MOSFET switching times 
are essentially independent of operating 

Speman 

i 


Total Gate Charge VG6s = 10V, Ip = 28A, Vos = 0.8V Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge ; (Gate charge is essentially independent of 


operating temperature. 
Gate-Drain (‘‘Miller’) Charge if 7 ? ) 
Internal Drain Inductance 


N 


—_ 
on o|@ 
S =, soe oe ne) 2 


3; 5 


Measured from the Modified MOSFET 

contact screw on symbol showing the 

tab to center of die internal device 
inductances. 


o 
~“ 


Measured from the 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance 


i” 
op) 


Junction-to-Case 
Case-to-Sink Mounting surface flat, smooth and greased 
Junction-to-Ambient QJA Free air operation 


Source Drain Diode Ratings and Characteristics 


7122 St! 
min 


Modified MOSFET 
symbol showing the 


Continuous Source Current 
(Body Diode) 


= 


Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) Vsp Ty = +259C, Ig = 27A, Veg = OV 
Reverse Recovery Time tr | Ty =+259C, Ip = 28A, dif/dt = 100A/us 
Reverse Recovered Charge Ty = +25°C, Ip = 28A, dif/dt = 100A/ys 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


S 
tON 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°C, L = 440uH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpEAK = 28A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF540, IRF541, IRF542, IRF543 IRF540R, IRF541R, IRF542R, IRF543R 


Performance Curves 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF540, IRF541, IRF542, IRF543 IRF540R, IRF541R, IRF542R, IRF543R 


Performance Curves (Continued) 
20 


Vos 2 50V 
BOps PULSE TEST 


TRANSCONDUCTANCE (SIEMENS) 


Sts: 


Ip. DRAIN CURRENT (AMPERES) 


FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 
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FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 


BVpss- ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMAL IZED) 


DRAIN-TO-SOURCE ON RESISTANCE 
oO 


Rps (on): 


“0 25 50 75 100 125 
Ip. DRAIN CURRENT (AMPERES) 


FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 


VOLTAGE 
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FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
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FIGURE 9. NORMALIZED ON-RESISTANCE vs 
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FIGURE 11. TYPICAL GATE CHARGE vs 
GATE-TO-SOURCE VOLTAGE 
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Performance Curves (Continued) 
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DRAIN-TO-SOURCE ON RESISTANCE 
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Ip. DRAIN CURRENT (AMPERES) 
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Ip. DRAIN CURRENT (AMPERES) _ mee TEMPERATURE ( °C) 
FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 
Vos 
” 
pe 
VARY tp TO OBTAIN mn _ Wl 
REQUIRED PEAK I. Vpp ~ ae 
“| : fe) 
Ves = 10V = = 
tp Ves= 10V t po oc 
Y p 0 wi 
zs 
E, = 0.5BVpsg Ec= 0.75BVpss shes 9 
FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 
FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
oS TYPE 
12V |0.2 AS DUT 
Rp BATTERY HF 
Vps 
DUT 
h Rg + 
Ves = 4 | _YDD 
PULSE WIDTH < 1S | _ | | 1.5m 
DUTY FACTOR < 0.1% e -Vps 
IG CURRENT Ip CURRENT 
= SAMPLING RESISTOR — SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i HARRIS 


August 1991 


Features 


IRF610/611/612/613 
IRF610R/611R/612R/613R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


e 2.6A and 3.3A, 150V - 200V 

¢ rps(on) = 1.50 and 2.40 

¢ Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

® Nanosecond Switching Speeds 

e¢ Linear Transfer Characteristics 


® High Input Impedance 


Description 


The IRF610, IRF611, IRF612, and IRF613 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF610R, IRF611R, IRF612R and IRF613R types are 
advanced power MOSFETs designed, tested, and guaranteed 


Package 
TO-220AB 
TOP VIEW 
DRAIN oie) 
SS _ SOURCE 
(FLANGE) DRAIN 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF610 IRF611 IRF612 IRF613 
IRF610R IRF611R IRF612R IRF613R UNITS 

Drain-Source Voliage (1) xs ccccesvccvconsseeccsenians Vos 200 150 200 150 V 
Drain-Gate Voltage (RG@S = 20K) (1)........ eee eee VDGR 200 150 200 150 V 
Continuous Drain Current 

Te 62S wokcx cen kee cn00e wend peeks sdeasanencans Ip 3.3 3.3 2.6 2.6 A 

Te IOS ce cees cccsadscoucesoneisesuxewsacende Ip 2.1 2.1 1.6 1.6 A 
Pulsed Drain GUMGHHS) 1s caccvivnndenteecednrduanaes IDM 8 8 6.5 6.5 A 
Gale-SGurcS VONEGE 15 .sevcccececeeereseavesewsa ns Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TE S4EG car dcoue via nswnn award deeds seein ne weuws Pp 43 43 43 43 W 
Linear Derating Factor... css cisnscsace cxnvecdtcsavecnnnscs 0.34 0.34 0.34 0.34 W/°CG 
inductive Current, Clamped siics ccccsescssossvsens cans ILM 10 10 8.0 8.0 A 

(See Figure 14, L = 100yH) 
Single Pulse Avalanche Energy Rating (4).............+. Eas* 46 46 46 46 mJ 
Operating and Storage Junction ...........0.2006- Ty, TSTG “55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


4. Vop = SOV, starting Ty = +25°C, L = 6.4mH, Res = 250, 
IPEAK = 3.3A. 5ee Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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IRF610, IRF6117, IRF6712, IRF613 IRF610R, IRF611R, IRF612R, IRF613R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITIONS pa a rs 
BVpss__| Vas= OV, Ip = 250uA 
200 V 


ee ee ee oe ae 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF610/61 2, IRF610R/612R 


IRF611/613, IRF611R/613R 


Gate Threshold Voltage VasctH) | Vos = Vas: Ip = 250uA | 20 | - | 40 | Vv | 
Gate-Source Leakage Forward lass |Vas= 20V 
Gate-Source Leakage Reverse lass |Vas=-20V 


Zero Gate Voltage Drain Current 


Ipss Vps = Max Rating, Vqs = OV 


On-State Drain Current (Note 2) 
IRF610/611, IRF610R/611R 


IRF612/613, IRF612R/613R 


ID(ON) | YDS > !D(ON) X DS(ON) Max: VGS = 10V 


Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
Ty = +1259C 


(eo) Ke) 
om te) 
YM 1M 


Static Drain-Source On-State DS(ON) | VGS = 10V, Ip = 1.6A 
Resistance (Note 2) 
IRF610/611, IRF610R/611R 1.0 15 2 
IRF612/613, IRFOT2R/ETOR P= | 1s [| 24 | a 
Forward Transconductance (Note 2) | fs | Vpg>50V, Ip =1.6A | 08 | 13 | - | SU) 
Input Capacitance iss__ | Vas = OV, Vps = 25V, f = 1.0MHz | = | 235 | = | pF | 
Output Capacitance Sos FOUR a ee 
Reverse Transfer Capacitance | = | 6 | ~ | pF | 
Turn-On Delay Time ta(ON) | VoD = 100V, Ip ~3.3A, Rg = 240 J = | 8 | 2 | me | 
Rise Time t See Figure 16. (MOSFET switching times 17 
a recaiviicaendea ease; Weel te 
Turn-Off Delay Time 'd(OFF) _| temperature) ee ee ee ee 
Fall Time i es 
Total Gate Charge Vgs = 10V, Ip = 3.3A, Vps = 0.8V Max 5.3 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
te-Source Charge (Gate charge is essentially independent of 1.2 
US _| operating temperature.) es ee ee 
Gate-Drain (‘Miller’) Charge ee Ce 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
contact screw on 


Internal Drain Inductance 


eye 
and source bonding 


75 nH 
pad. 


Tunction-1o-Gase RS | re 
Case-to-Sink Rocs__ | Mounting surface flat,smoothandgreased | - | 05 | - | °C/W 
Junction-to-Arbien Roja [Freer operation] =] -] a0] cm 


Source Drain Diode Ratings and Characteristics 


tab to center of die 


Measured from the 
drain lead, 6mm 

(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 


Internal Source Inductance L: 


ie?) 


rm 


Continuous Source Current Modified MOSFET 61004.gem 
(Body Diode) symbol showing the 

Pulse Source Current integral reverse 

(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) Vsp Ty = +259C, Is =3.3A, Vas = OV 


S 
Reverse Recovery Time | trr =| Ty = +259C, IF = 3.3A, dlF/dt = 100A/us 

Reverse Recovered Charge | Qrr_ | Ty=+259C, Ip = 3.3A, diF/dt = 100A/us 0. 

Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 

speed is substantially controlled byLs +Lp. 

NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 6.4mH, 

2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Regs = 252, IpeEAK = 3.3A (See Figure 15) 

Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF610, IRF611, IRF612, IRF613 IRF610R, IRF617R, IRF612R, IRF613R 


Performance Curves 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 


(SBH3dWY) INSHHND NIvwa “CX 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 


(SECONDS) 


RECTANGULAR PULSE DURATION 
4-298 


ty. 
FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 


IRF610, IRF6117, IRF612, IRF613 IRF610R, IRF611R, IRF612R, IRF613R 


Performance Curves (Continued) 
1.5 


(AMPERES) 


TRANSCONDUCTANCE (SIEMENS) 


Ipg. REVERSE DRAIN CURRENT 


0.3 
o 
0.9 ; 
0.0 1.0 2.0 3.0 4.0 5.0 0.0 0.4 0.8 1.2 1.6 2.0 
Ip. ORAIN CURRENT (AMPERES) Vp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
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= FOR TEST CIRCUIT 

SEE FIGURE 17 
1 2 5 10 2 5 10¢ 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRF610, IRF611, IRF612, IRF613 IRF610R, IRF617R, IRF612R, IRF613R 


Performance Curves (Continued) 


DRAIN-TO-SOURCE ON RESISTANCE 


| ~N 
IRF612, IRF613 es 


IRF612R, IRF613R 


Ip. DRAIN CURRENT (AMPERES) 


P 
s 
i?p] 
Q 
a 
SS 50 75 100 125 150 
Ip. DRAIN CURRENT (AMPERES) Tc. CASE TEMPERATURE (°C) 
FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 
Vpbs 
VARY tp TO OBTAIN ip 
REQUIRED PEAK I Vpp 
Vas = 10V 
p 
E,; = 0.5BVpsg Ec= 0.75 BVpss at 
FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 
FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
tt TYPE 
12V |0.2 AS DUT 
Rp BATTERY |}F 
a 
Vos 
DUT 
h RG x 
Ves= 4 | _YDD 
PULSE WIDTH < 1S | | betes 
DUTY FACTOR < 0.1% 0 -— -Vps 
IG CURRENT —L Ip CURRENT 
= SAMPLING RESISTOR — SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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Oe taleceateatte IRF614 


N-Channel Power MOSFETs 


May 1992 Avalanche Energy Rated 
Features Package 
e¢ 2.0A, 250V TO-220AB 
TOP VIEW 


° DS(ON) = 2.0Q 
¢ Single Pulse Avalanche Energy Rated 


DRAIN ad 
¢ SOA is Power-Dissipation Limited (FLANGE) [ ie 
————— 
e Nanosecond Switching Speeds | ss CATE 
¢ High Input Impedance 
¢ +150°C Operating Temperature 
Description Terminal Diagram 
The IRF614 (TA17443) is an n-channel enhancement-mode N-CHANNEL ENHANCEMENT MODE 
silicon-gate power field-effect transistor designed, tested, 
and guaranteed to withstand a specified level of energy in D = 
the breakdown avalanche mode of operation. These i 
advanced power MOSFETs are designed for use in ou 
applications such as_ switching regulators, switching = rs 
converters, motor drivers, relay drivers and drivers for high- <= 
power bipolar switching transistors requiring high speed and G <x 
low -dri Th i Ow 
gate-drive power. These transistors can be operated 

na zs 

directly from integrated circuits. ro) 
oa 
The IRF614 is supplied in the JEDEC TO-220AB plastic _ 
package. 
Absolute Maximum Ratings (T,> = +25°C), Unless Otherwise Specified 
IRF614 UNITS 

oc lgocrs Lege | en eer ere Vos 250 V 
AR VONANG aes nod bear ie eHSO E48 HORDE RSISS CHDRE EES e REE E ESE SERS ELSE RS VocrR 250 V 
Continuous Drain Current 

Wee os bes end bh 4s Fehon) banyan aha ap eho wh eeee case Gees Ip 2.0 A 

Teo = +100°C Tec cre Lert ee Lee Cee ee ae eee. ee a ee eer eed lp La A 
Pelee Ee CI. eek cdkndaw renee nae bece nnd eda ve bevens eben esaudacees lom 8.0 A 
GaAte-Source VONAGE 2.5 psc c ccc esnec eevee i seee vse Kade DEE TET TT OOK ORE ERE Ves +20 V 
Reelin POWEr DISSIDEUON 6 sans cs aswe es icn wa vee heer nesses odd PERE ROS Core WH Hs Pp 20 W 
Linger DSratNG Fase! «cc ccsnstewcacagns ade cnnevene Nese e708 ReO EN ES eX eke ee 0.16 WPC 
Single Pulse Avalanche Rating (3) (See Fig. 14)... 0.02... cece cee eee eee eee Eas 61 mj 
Operating and Storagé Temperati®. ¢ cuinvcccccvassctncenss seen ssasnanasnacaven Tj, Tstc -55 to +150 °C 
Maximum Lead Temperature for Soldering ........... 00sec cece center eee ees T. 300 °C 
(0.063" (1.6mm) from case for 10s) 
NOTES: 


1. Ty = +25°C to +150°C. 
2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. (Figure 5) 
3. Vpp = SOV, Starting Ty = +25°C, L = 21mH, Reg = 25Q, Peak I, = 2.2A. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 3273 
Copyright © Harris Corporation 1992 
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Specifications IRF614 


Electrical Characteristics 1, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage Ip = 250pA, Ves = OV 
Gate Threshold Voltage Ves = Vos: Ip = 250A 
Gate-Source Leakage Current | lass | Ves = t20V 


Zero Gate Voltage Drain Current Vos = 250V, Ves = OV 
Vos = 200V, Ves = OV, Ty = +125°C 


LIMITS 
TYP | MAX | UNITS 


CHARACTERISTIC 


250 
2 


On-State Drain Current ID(on) Vos > ID(ON) x TDS(ON)Max? Ves = 10V 


On Resistance (Note 1) Ip = 1.0A, Veg = 10V 
Forward Transconductance (Note 1) ts | Vos = 2 X Ves; Ipg = 1.0A 


Input Capacitance Ves = OV, Vos = 25V, f = 1.0MHz 


Ciss 


See Figure 10 
Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time tg(on) 


Vop = 125V, Ip =2.0A, Re = 240, Rp = 619, See 
Figure 16 (MOSFET switching times are essen- 
tially independent of operating temperature) 


| es | 13 


Rise Time 


Turn-Off Delay Time 


Fall Time po | | - | ee | ts | 
Total Gate Charge | Qgio | Vas = 10V, Ip =2.0AVpg=0.8xMax Rating. | = | nc 
See Figure 17 for test circuit (Gate charge is es- 
Gate-Source Charge sentially independent of operating temperature) L = | 2.4 nc 
Internal Drain Inductance Lp Measured from the Modified MOSFET 4.5 nH 
drain lead, 6mm symbol showing the 
(0.25”) from package | internal device 
to center of die. inductances. 
Internal Source Inductance ls Measured from the I 7S nH 
source lead, 6mm 
(0.25") from header 
and source bonding : 
pad. 
oS 
Case-to-Sink Mounting surface flat, smooth and greased a ee 
Source-Drain Diode Ratings and Characteristics 
Continuous Source Current Modified MOSFET D 2.0 
(Body Diode) symbol showing the 
integral reverse P-N 
Pulse Source Current (Body Diode) Ion junction rectifier. G 
(Note 2) 
S 
Diode Forward Voltage (Note 1) Ty = +25°C, Isp = 2.0A, Veg = OV re ft = é 
Reverse Recovery Time | tr Ty = +25°C, Isp = 2.0A, digp/dt = 100A/us | 7 fo 
Reverse Recovery Charge | Qa | Ty = +25°C, Isp = 2.0A, dlgp/dt = 100A/us 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 
NOTES: 1. Pulse Test: Pulse width < 300us. 2. Repetitive Rating: Pulse width limited by max. junction temperature. 
Duty Cycle < 2% See Transient Thermal Impedance Curve (Figure 5). 
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IRF614 


Performance Curves 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF614 


Performance Curves (Continued) 
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FOR TEST CIRCUIT 
SEE FIGURE 17 
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FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs GATE-TO-SOURCE 
VOLTAGE VOLTAGE 
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Performance Curves (Continued) 
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REQUIRED PEAK I, 
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FIGURE 14a. UNCLAMPED INDUCTIVE TEST CIRCUIT FIGURE 14b. UNCLAMPED INDUCTIVE LOAD TEST WAVE- 
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FIGURE 15. SWITCHING TIME TEST CIRCUIT FIGURE 16. GATE CHARGE TEST CIRCUIT 
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i HARRIS 


IRF620/621/622/623 


IRF620R/621R/622R/623R 


August 1991 


Features 

¢ 4.0A and 5.0A, 150V - 200V 

® rps(on) = 0.82 and 1.220 

e Single Pulse Avalanche Energy Rated* 
¢ SOA is Power-Dissipation Limited 

® Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF620, IRF621, IRF622, and IRF623 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF620R, IRF621R, IRF622R and IRF623R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-220AB 
TOP VIEW 
DRAIN = 
=> SOURCE 
(FLANGE) —————> DRAIN 
L. <> GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRF620 
IRF620R 

Drain-Source Voltage (1) xs cc cewaavecny cea neaenaes cee Vos 200 
Drain-Gate Voltage (RGS = 20k{2) (1). ....... eee eee VDGR 200 
Continuous Drain Current 

TB SA2E GS sia dot ecnsennvendstaanp see eedantvawcess Ip 5.0 

FT PO ka ce cnc iun es Gnd cose nd Cea uns eee BRAD ID 30 
Pulsed Drain Current (3) aac cncka desea cases tea teins anes IDM 20 
Gate-Source VONAGE): .. ce .ccccsascesaeerxenaneeunnes Ves +20 
Maximum Power Dissipation 

TEE FOGG ac seesenasam new enwn ee mew ows nae ee ean a Pp 40 
Linear Derating FaciO@icsccasccscecvcswasessaveniaanawnsn 0.32 
inductive Current, Clamped 66 vacctcceseakscnd casnecees ILM 20 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas” 85 
Operating and Storage Junction ..............008. Ty TSTG ~55to+150 

Temperature Range 

Maximum Lead Temperature for Soldering............... Th 300 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +259C to +1509C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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D 
G 
S 
IRF621 IRF622 IRF623 
IRF621R IRF622R IRF623R UNITS 
150 200 150 V 
150 200 150 V 
5.0 4.0 4.0 A 
3.0 2.5 2.0 A 
20 16 16 A 
+20 +20 +20 V 
40 40 40 W 
0.32 0.32 0.32 W/°C 
20 16 16 A 
85 85 85 mJ 
-“55to+150 -55to+150 -55to+150 oC 
300 300 300 °C 


4. Vop = 10V, starting Ty = +25°C, L = 6.18mMH, Res = 50, 
IPEAK = 5A. See Figure 15. 


1577.1 


File Number 


IRF620, IRF621, IRF622, IRF623 IRF620R, IRF621R, IRF622R, IRF623R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss_| Vas = OV, Ip = 250A ae be te 1 we | 
200 Vv 


IRF620/622, IRF620R/622R 
IRF621/623, IRF621R/623R piso | - | - | Vv | 
V 


Gate Threshold Voltage Vasco) | Vps=Veas; Ip = 250uA 
Gate-Source Leakage Forward I6s Vas = 20V 


ep) 


I 
on 
Slo 
S/o 
a 


” 


Gate-Source Leakage Reverse les VGs = -20V 


Zero Gate Voltage Drain Current Vps = Max Rating, Vas = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +1259C 


VDS > ID(ON) X "DS(ON) Max: VGs = 10V 


ie) 
on 
oO 
= 
> 


On-State Drain Current (Note 2) 
IRF620/621, IRF620R/621R 


IRF622/623, IRF622R/623R 


Static Drain-Source On-State 
Resistance (Note 2) 


ID(ON) 


DS(ON) | VGS = 10V, Ip = 2.5A 


IRF620/621, IRF620R/621R 
IRF622/623, IRF622R/623R 


Forward Transconductance (Note 2) Ofs VDS > ID(ON) X RDS(ON)Max, Ip = 2.5A 1.3 


Input Capacitance Ciss 
Output Capacitance OSS 
Reverse Transfer Capacitance 


Vas = OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


oS 


5 


i?) 
oO 


ow i@2) 
o 1M 


ma 


Turn-On Delay Time | ta(ON) | VoD = 2.5BVDSS, Ip = 5.0A, Rg = 9.19 

ee 30 
- are essentially independent of operating 

Turn-Off Delay Time td(OFF temperature) 50 


= = 
oO . 
(@) 


Fall Time 


(ee) 
[e) 


ink —_ ine) 
ie) 


Total Gate Charge VGsS = 10V, Ip = 5.0A, Vps = 0.8V Max 15 nC 

(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge (Gate charge is essentially independent of 5.0 
|Gate-SourceCharge | Qgs | rating temperature.) oe ae oe 


Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


Measured from the Modified MOSFET 3.5 nH 
contact screw on symbol showing the 
tab to center of die internal device 
inductances. 
Measured from the 9D nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 
Measured from the , ee nH 
source lead, 6mm 
(0.25”) from header : 
and source bonding 
pad. 


a 


Internal Source Inductance 


rm 
op) 


el 
oO i 
Con Oo f& 


Junction-to-Case 


Roos | Mounting surface fat, smoothandareasea_| - | 05 | - | COW 
Junction-to- Ambient | Roya |Freeairoperation ss CC“‘iR’NS ~T  CUL CU COT S80 | OCW 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


= 


Diode Forward Voltage (Note 2) Vsp Ty = +259C, Is = 5.0A, Vas = OV 
Reverse Recovery Time trr Ty = +1509C, Ip = 5.0A, dif/dt = 100A/us 


Reverse Recovered Charge 


Forward Turn-on Time 


Ty = +1500C, If = 5.0A, dif/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 10V, Start Ty = +259C, L = 6.18mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, Ipeax = 5A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF620, IRF621, IRF622, IRF623 IRF620R, IRF621R, IRF622R, IRF623R 


80 ws PULSE TEST 
Vos > !D(on) * Ros(on) max. 


Ip. DRAIN CURRENT (AMPERES) 
Ip, ORAIN CURRENT (AMPERES) 


Voom 
o/s 
TTT 


0 20 40 60 80 100 
Vps. DRAIN TO SOURCE VOLTAGE (VOLTS) Vgs. GATE TO SOURCE VOLTAGE ae 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 


” FOPERATION IN THIS 7-H 
“AREA IS LIMITED 
50 
20 
a none 
: core 

_ . 10 == == 
a] = "s 
= z IRF620R, 1R ne. 
= a) eee 
-_ w 
= rs 
VY) =] 
= =_ 
3 £ 
oO <x 
z a | 
: s 
r=) 2 
3 = 

02 at 3.12 °C/W al 

0.1 

10 2 5 10 20 50 100 200 500 
“ps CRAIPRDSOURDE ¥OLTAGE WELT) Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 


1. DUTY FACTOR. D = z 


~- 
5 SINGLE PULSE (TRANSIENT - 
ia THERMAL IMPEDANCE) | ae Ht 2. PER UNIT BASE = Rinjc = 3.12 DEG. CW. 


ma ie 
3. T = Pom Ztnyclt). 
ECE th Gam Geettlion soe rede 
2 5 10-3 2 5 10-2 2 5 10-1 2 5 1.0 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Zthaclt)/ Rinse. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF620, IRF621, IRF622, IRF623 IRF620R, IRF627R, IRF622R, IRF623R 


duty. TRANSCONOUCTANCE (SIEMENS) 


Vos ~'p(on) * Rosion) mex. 


80 ..s PULSE TEST 


Ion. REVERSE DRAIN CURRENT (AMPERES) 


ig. DRAM EURBENT (AMPERES Vgp. SOURCE TO DRAIN VOLTAGE (VOLTS) 


Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


” 
tu 
7 ik 
=W% 
=O 
c= 
= o 
2 
= 

Oo 
a 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BV pss. DRAIN TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


Cigg = Cog + Cgg, Cds SHORTED 
Crs = Cod 
Coss = Cas + Cos + Cod 


~ Cds + Cog 


C, CAPACITANCE (pf) 


Ip = 6A 
FOR TEST CIRCUIT 
SEE FIGURE 17 


Vgs. GATE TO-SOURCE VOLTAGE (VOLTS) 


0 4 8 12 16 20 
Vps. DRAIN TO SOURCE VOLTAGE (VOLTS) Qy, TOTAL GATE CHARGE InC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF620, IRF621, IRF622, IRF623 IRF620R, IRF627R, IRF622R, IRF623R 


IRF620, IRF621 
IRF620R, IRF621R 


<i 
IRF622, IRF623 N 
IRF622R, IRF623R << 


Ip, DRAIN CURRENT (AMPERES) 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Ros(on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 
25 50 75 100 125 150 


Ip, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case 
Temperature 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


Vgs= 10V DUT 
tp 


| 
L 
E, = 0.5BVpsg Ec= 0.75 BVpss 


Fig. 14a — Clamped Inductive Test Circuit Fig. 15a — Unclamped Energy Test Circuit 


Fig. 14b — Clamped Inductive Waveforms Fig. 15b — Unclamped Energy Waveforms 


+Vps 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V |0.2 
Rp BATTERY BE 


Vos 
DUT 


fh Rg + 


Vgsg= 10V 


PULSE WIDTH < 18 | | 1.5mA 
— -Vps 


DUTY FACTOR < 0.1% 
IG CURRENT — Ip CURRENT 
SAMPLING RESISTOR “~~ SAMPLING RESISTOR 


Fig. 16 — Switching Time Test Circuit Fig. 17 — Gate Charge Test Circuit 
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a} HARRIS IRF624, IRF625 
IRF626, IRF627 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated 
Features Package 
TO-220AB 
e 3.8A and 3.3A, 250V - 275V TOP VIEW 
® rps(on) = 1.102 and 1.52 
¢ Single Pulse Avalanche Energy Rated DRAIN — 


———_—_— 
(FLANGE) SOURCE 


© SOA is Power-Dissipation Limited = DRAIN 


e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 

e 250/275V DC Rating - 120V AC Line System Operation 


Description 
The IRF624, IRF625, IRF626, and IRF627 are advanced power 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


MOSFETs designed, tested and guaranteed to withstand a 7) 
specified level of energy in the breakdown avalanche mode of 7 a 
operation. These are n-channel enhancement mode silicon- ms Ww 7} 
gate power field-effect transistors designed for applications = re) 
such as switching regulators, switching converters, motor driv- {= 
ers, relay drivers, and drivers for high-power bipolar switching 3} Wh 
transistors requiring high speed and low gate-drive power. G zs 
These types can be operated directly from integrated circuits. © 
The IRF-types are supplied in the JEDEC TO-220AB plastic 
package. S 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRF624 IRF625 IRF626 IRF627 UNITS 

Drain-Source Voltage (1) os scsescausesex ceanvavnsewes Vos 250 250 275 275 V 
Drain-Gate Voltage (RGS = 20kKN) (1)............ 00 ee VDGR 250 250 275 275 V 
Continuous Drain Current 

TH osc ces nteivcb rasan vee nodecience siacapeds Ip 3.8 3.3 3.8 a3 A 

PUGS 6s ond cha da nbs de ene e ress eh der as tone Ip 2.4 2.1 2.4 a1 A 
Pulsed Drain Current (3) ...0.ccncccsccevevecnsccseces IDM 15 13 15 Bie & 
Gate-Source Voltage csi isssccssasesvaacnaes vasevses Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

Tt, i. oh 554 $0001 s8 bode 4 0e ews ESER ES PER TO ES Pp 40 40 40 40 W 
Linger Deratiits FaGIG ox cos cx tan vee ee ee nev en weuwnd ona x05 0.32 0.32 0.32 0.32 W/°C 
Single Pulse Avalanche Energy Rating (4).............4.. Eas 120 120 120 120 mJ 
Operating and Storage Junction ............. eens Ty TIsTG -55to+150 -55to+150 -55to+150 -55to+150 OC 

Temperature Range 

Maximum Lead Temperature for Soldering.............6. TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +259C to +150°C 4. Vop = SOV, starting Ty = +25°C, L = 13.6mH, Regs = 25N, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 3.8A. See Figures 14 & 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number D1 67.1 
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Specifications IRF624, IRF625, IRF626, IRF627 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


TEST CONDITIONS 
BVpss_ | Vas= OV, Ip = 250nA 

IRF624, IRF625 

IRF626, IRF627 


Gate Threshold Voltage Vascth) | VDS=VGs, Ip = 250A | 20 {| - | 40 | vi | 
Gate-Source Leakage Forward lass |Vas=20V 
Gate-Source Leakage Reverse lass |Vaqas=-20V 


Zero Gate Voltage Drain Current Ipss__ | Vps = Max Rating, Veg = OV | - | - | 250 | pA | 
Vps = Max Rating x 0.8, Vas = OV, 1000 yA 
Ty = +1259C 
ID(ON) | YDS > !D(ON) X DS(ON) Max: VGs = 10V re 
DS(ON) | VGS = 10V, Ip =1.4A 
IRF624, IRF626 1.1 yp 
IRF625, IRF627 


ves = 2x Wes IS = 18h ce ee 

Ves= OV, Vos =25V,1= TONE 

See Figure 10 

Rise Time 
t 


Fall Time 


Total Gate Charge VGs = 10V, Ip = 3.8A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-S h (Gate charge is essentially independent of 
— —— a —— | Qgs | operating temperature.) 
Gate-Drain (‘Miller’) Charge | Qgq | 
Lp 


La ar wars 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 


On-State Drain Current (Note 2) 
IRF624, IRF626 


IRF625, IRF627 


Static Drain-Source On-State 
Resistance (Note 2) 


Vpp = 125V, Ip = 3.8A, Rg = 189 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 

temperature) 


Internal Drain Inductance Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Internal Source Inductance Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 


pad. 


Ls 


Junction-to-Case Roc 
Case-to-Sink Recs _ | Mounting surface flat, smooth and greased 
Junction-to-Ambient RQJA Free air operation 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Is 
Pulse Source Current Ism integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


NOTES: 1. Ty = +25°C to +150°C 4. Vop = 20V, starting Ty = +25°C, L = 3.37mH, Res = 509, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% IPEAK = QA. See Figure 15. 
3. Repetitive Rating: Pulse width limited by max. junction 
temperature. See Transient Thermal Impedance Curve (Figure 5) 
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Ip. ORAIN CURRENT (AMPERES) 


Ip. ORAIN CURRENT (AMPERES) 


IRF624, IRF625, IRF626, IRF627 
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Fig. 1 — Typical Output Characteristics 
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Fig. 3 — Typical Saturation Characteristics 
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Ip. DRAIN CURRENT (AMPERES) 
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Fig. 2 — Typical Transfer Characteristics 
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Fig. 4 — Maximum Safe Operating Area 
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Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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Fig. 6 — Typical Transconductance Vs. Drain Current 
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Fig. 8 — Breakdown Voltage Vs. Temperature 
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Ippn. REVERSE DRAIN CURRENT (AMPERES) 
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Vop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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Fig. 9 — Normalized On-Resistance Vs. Temperature 
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Fig. 14 — Unclamped Energy Test Circuit 


a Fig. 15 — Unclamped Energy Waveforms 
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CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
t TYPE 
. 12V |0.2 AS DUT 
D BATTERY |! KF 


— 


DUT 


i | | Rg + 
Ves = 10V _YDD 
PULSE WIDTH < 11S | | 1.5mA 
DUTY FACTOR < 0.1% 0 oan 


-Vps 
IG CURRENT —L Ip CURRENT 
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Fig. 16 — Switching Time Test Circuit Fig. 17 — Gate Charge Test Circuit 
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©) HARRIS IRF630/631/632/633 
IRF630R/631R/632R/633R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
© 8.0A and 9.0A, 150V - 200V 
* rps(on) = 0.42 and 0.62 


TO-220AB 
TOP VIEW 


e Single Pulse Avalanche Energy Rated* Ps SOURCE 


¢ SOA is Power-Dissipation Limited i DRAIN 


¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF630, IRF631, IRF632, and IRF633 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRF630R, IRF631R, IRF632R and IRF633R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRF630 IRF631 IRF632 IRF633 
IRF630R IRF631R IRF632R IRF633R UNITS 


Drain-Source Voltage (1) 200 150 200 150 
Drain-Gate Voltage (RGs = 20k) (1) 200 150 200 150 
Continuous Drain Current 
9.0 9.0 8.0 8.0 
To = +1009C 6.0 6.0 5.0 5.0 
Pulsed Drain Current (3) 36 36 32 32 
Gate-Source Voltage +20 +20 +20 
Maximum Power Dissipation 
75 75 75 
Linear Derating Factor 0.6 0.6 0.6 
Inductive Current, Clamped 36 36 32 
(See Figure 14, L = 100uh) 
Single Pulse Avalanche Energy Rating (4) 150 150 150 
Operating and Storage Junction ~55to+150 -55to+150 -55to+150 -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = 20V, starting Ty = +25°C, L = 3.37mH, Reg = 50M, 
2. Pulse Test: Pulse width < 300ys, Duty Cycle < 2%. IPEAK = QA. See Figure 15. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 578 7 
Copyright © Harris Corporation 1991 . 
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IRF630, IRF6371, IRF632, IRF633 IRF630R, IRF631R, IRF632R, IRF633R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250nA 

IRF630/632, IRF630R/632R 

IRF631/633, IRF631R/633R 
VesqrH . 
[Gate-SourceLeakageForward | _Icss |[Vas=20VSSOSCS~—SC—SS 
[Gate-SourceLeakageReverse | _Iass_|Vas=-20V. SSCS 

a uA 


Zero Gate Voltage Drain Current IpDss Vps = Max Rating, Vgs = OV 
Vps = Max Rating x 0.8, Vgs = OV, 1000 HA 
Ty = +125°9C 
On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X DS(ON) Max: VGs = 10V 
IRF630/631, IRF630R/631R 
IRF632/633, IRF632R/633R 


Static Drain-Source On-State 'DS(ON) | VGS = 10V, ID =5.0A 
Resistance (Note 2) 
IRF630/631, IRF630R/631R 


IRF632/633, IRF6E32R/633R 


Forward Transconductance (Note 2) Vps > ID(ON) X RDS(ON)Max, Ip = 5.0A 

Input Capacitance Ciss Ves = OV, Vos = 25V, f = 1.0MHz 

Output Capacitance Coss _ | See Figure 10 

Reverse Transfer Capacitance Crss 

Turn-On Delay Time Vpp = 90V, Ip = 9.0A, Rg = 9.12 

Rise Time See Figure 16. (MOSFET switching times 
- : are essentially independent of operating 

Turn-Off Delay Time td(OFF) _| temperature) 

Fall Time |: | 


Total Gate Charge Vqs = 10V, Ip = 9.0A, Vps = 0.8V Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


Gate-Source Charge Ye | (Gate charge is essentially independent of 
CQ) 


operating temperature. 
Gate-Drain (‘Miller’) Charge | Qgq | ? =e ) 


Internal Drain Inductance Lb Measured from the Modified MOSFET 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 
Measured from the 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Junetion-to- ase se 
Case-to-Sink Recs | Mounting surface flat, smooth and greased 


Junction-to-Ambient | Roja _ | Free air operation 


Continuous Source Current Is Modified MOSFET e 
(Body Diode) symbol showing the 
integral reverse 
P-Njunc. rectifier. 
S 


Pulse Source Current 
Diode Forward Voltage (Note 2) Ty = +259C, Is = 9.0A, Vgg = OV ee ee 
i t 


(Body Diode) (Note 3) 
Reverse Recovery Time Ty = +150°C, Ir =9.0A,di¢/dt=100A/us {| - | 450 | - | ns | 
Reverse Recovered Charge | QrrR_ | Ty=+150°C, Ip =9.0A,dip/dt=100A/us | - | 30 | - | uC | 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls +Lp. 


NOTES: 1. Ty = +25°9C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 20V, Start Ty = +25°C, L = 3.37mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, IpEaAk = 9A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF630, IRF637, IRF632, IRF633 IRF630R, IRF637R, IRF632R, IRF633R 


80 us PULSE TEST 
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Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 


4-318 


IRF630, IRF631, IRF632, IRF633 IRF630R, IRF631R, IRF632R, IRF633R 


ts, TRANSCONOUCTANCE (SIEMENS) 


Ion. REVERSE DRAIN CURRENT (AMPERES) 


Vos > '!p(on) * RoS(on) max. 


2 4 6 8 


10 
ip, ORAIN CURRENT (AMPERES) Vgp, SOURCE-TO- DRAIN VOLTAGE (VOLTS) 


Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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- FOR TEST CIRCUIT 
SEE FIGURE 17 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF630, IRF637, IRF632, IRF633 IRF630R, IRF637R, IRF632R, IRF633R 


IRF630, IRF631 


SS IRF631R 
iN 
IRF632, IRF633 tN 


IRF632R, IRF633R 


Ros(on). DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 
Ip, DRAIN CURRENT (AMPEHE, 


Rosi(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION INITIAL Ty= 25°C (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL ) 
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Ip, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case 
Temperature 
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VARY tp TO OBTAIN 
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Vpp 
Vegs= 10V DUT 
GS 0 t V, = 10V }~<——_»> 
y p 
I 
E, = 0.5 BVpss Ec= 0.75 BVpss 
Fig. 14a — Clamped Inductive Test Circuit Fig. 15a — Unclamped Energy Test Circuit 
Fig. 14b — Clamped Inductive Waveforms Fig. 15b — Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
— TYPE 
12V |0.2 AS DUT 
Rp BATTERY HF 
Vos 
DUT 
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Vas = 10V ~ VoD 
PULSE WIDTH < 14S | | [mA 
DUTY FACTOR < 0.1% ° ~~ -Vps 

IG CURRENT — Ip CURRENT 

== SAMPLING RESISTOR ~~ SAMPLING RESISTOR 


Fig. 16 — Switching Time Test Circuit Fig. 17 — Gate Charge Test Circuit 
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at HARRIS IRF634, IRF635 
IRF636, IRF637 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated 
Features Package 
. _ TO-220AB 
8.1A and 6.5A, 250V - 275V cease 


® rps(on) = 0.452 and 0.680 


e Single Pulse Avalanche Energy Rated ana —__, SOURCE 
‘ ae ‘ os Lr DRAIN 
© SOA is Power-Dissipation Limited | — GATE 


e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 

© 275/250V DC Rating - 120V AC Line System Operation 


Description 


The IRF634, IRF635, IRF636, and IRF637 are advanced power 
MOSFETs designed, tested and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv- 
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The IRF-types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


” 
tu 
a 
= WS 
20 
<= 
6 
za 

‘e) 
0. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF634 IRF635 IRF636 IRF637 UNITS 

DIGI SOUIGE VOTAGC (1) 66: ses ccdaceeicdnvs veorweees Vpos 250 250 275 275 V 
Drain-Gate Voltage (RG@S = 20K) (1)...... eee eee eee VDGR 250 250 275 275 V 
Continuous Drain Current 

ee oan 500 todas abeeen side apa bervencnan’ Ip 8.1 6.5 8.1 6.5 A 

Tee FICO G sca vcsye ces sew aes cannes ou ete wmeene cecne ID 5.1 4.1 5.1 4.1 A 
Pulsed Drait Gurrent tS) x.cacscc ctsancvaerune ows ave ee as IDM 32 26 32 26 A 
GaIe-BOurcs VONAGE oss cscisecasesewate ten cae sae ees Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

TS FESO «:deveeny cn s00 eds ee abe cans bad Seed oews Po 75 75 5 75 W 
Linear Derating Factor. cc .ecve ween venue nes evaceacecea ee 0.6 0.6 0.6 0.6 W/9C 
Single Pulse Avalanche Energy Rating (4).............0.. Eas 180 180 180 180 mJ 
Operating and Storage Junction ........... eee eee Ty TgsTtG -55to+150 -55to+150 -55to+150 -55to+150 sd © 

Temperature Range 

Maximum Lead Temperature for Soldering ..........eeeee TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vop = SOV, starting Ty = +25°C, L = 4.5mH, Regs = 250, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 8.1A. See Figures 14 & 15. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2168.1 
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Specifications IRF634, IRF635, IRF636, IRF637 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss _|VGs=OV, lp =-250ynA 
IRF636, IRF637 


Sa a rs 


IRF634, IRF635 oe 
[GateThreshold Voltage | Vash) [Yos=Vas.Ip=-250vA_ | 20 | TO 


Gate-Source Leakage Forward lass _ |Vaq@s=20V | - | - | 500 | nA | 
Gate-Source Leakage Reverse lass |VGs=20V | = [| - | -500 | nA | 
Zero Gate Voltage Drain Current Ipss___| Vps = Max Rating, Vgg = OV | - | - | 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
Ty = +1259C 


VGs = 10V, Ip = 4.1A 
0.32 | 0.45 9) 


a a 


On-State Drain Current (Note 2) 
IRF634, IRF636 


IRF635, IRF637 


Static Drain-Source On-State DS(ON) 
Resistance (Note 2) 
IRF634, IRF636 


IRF635, IRF637 


ID(ON) 


a 
on 


Vas = OV, Vps = 25V,1= 1 0MHz 
oss_| See Figure 10 

RSS 

Yop = 125, Ip =8.1A, Rg = 120 
rior er piesa iret 
dares 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (‘‘Miller’) Charge 
Internal Drain Inductance 


Vas = 10V, Ip = 8.1A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance 


| Qgs 
| ga 


Modified MOSFET 
symbol showing the 
integral reverse 

P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


Ty = +259C, Is = 8.1A, Vas = OV 
Ty = +259C, Ip = 8.1A, dif/dt = 100A/us 180 390 
Ty= 42500, Ip = BTA dip/dt= TOOA/IS 


tON Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 5OV, Start Ty = +25°C, L = 4.5mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpeaK = 8.1A 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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Fig. 1 — Typical Output Characteristics 
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Ip. ORAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) 


Veg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 
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Fig. 6 — Typical Transconductance Vs. Drain Current 
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Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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Fig. 8 — Breakdown Voltage Vs. Temperature 
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Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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Fig. 9 — Normalized On-Resistance Vs. Temperature 
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Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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Fig. 12 — Typical On-Resistance Vs. Drain Current 
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Fig. 14 — Unclamped Energy Test Circuit 
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Fig. 16 — Switching Time Test Circuit 


FOR TEST CIRCUIT 
SEE FIGURE 17 
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Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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Fig. 13 — Maximum Drain Current Vs. Case Temperature 


Fig. 15 — Unclamped Energy Waveforms 
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Fig. 17 — Gate Charge Test Circuit 
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a} HARRIS IRF640/641/642/643 
IRF640R/641R/642R/643R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 
e 16A and 18A, 150V - 200V 
¢ rps(on) = 0.182 and 0.22 


TO-220AB 
TOP VIEW 


e Single Pulse Avalanche Energy Rated* DRAIN 


— a reer (FLANGE) 
e SOA is Power-Dissipation Limited | 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRF640, IRF641, IRF642, and IRF643 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRF640R, IRF641R, IRF642R and IRF643R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRF640 IRF641 IRF642 IRF643 
IRF640R IRF641R IRF642R IRF643R UNITS 


Drain-Source Voltage (1) 150 200 150 
Drain-Gate Voltage (RGs = 20k) (1) 150 200 150 
Continuous Drain Current 
18 16 16 
To = +1009C 11 10 10 
Pulsed Drain Current (3) 72 64 64 
Gate-Source Voltage +20 +20 
Maximum Power Dissipation 
125 125 
Linear Derating Factor F 1.0 1.0 
Inductive Current, Clamped 72 64 
(See Figure 14, L = 100yH) 
Single Pulse Avalanche Energy Rating (4) Ss 580 580 
Operating and Storage Junction -55to+150 -55to+150 -55to+150 -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = SOV, starting Ty = +25°C, L = 2.7mH, Res = 25N, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 18A. See Figure 15. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. : 
Copyright © Harris Corporation 1991 File Number 1 985.1 
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IRF640, IRF647, [RF642, [IRF643 IRF640R, IRF647R, IRF642R, IRF643R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


pa os 


CHARACTERISTIC 
Drain-Source Breakdown Voltage 
IRF640/642, IRF640R/642R 
IRF641/643, IRF641R/643R 


Gate Threshold Voltage Vos =VGs: Ip = 250uA | 20 | - | 40 | 
Gate-Source Leakage Forward less |Vas=20V | - | - | 500 | nA 
Gate-Source Leakage Reverse less |Vq@sg=-20V fo = | = | 


Zero Gate Voltage Drain Current Vps = Max Rating, Vgg = OV f= | 


SYMBOL TEST CONDITIONS 
BVpss_ | Ves = OV, Ip = 250A 


= 


<= 
ep) 


On-State Drain Current (Note 2) 
IRF640/641, IRF640R/641R 


IRF642/643, IRF642R/643R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF640/641, IRF640R/641R 


IRF642/643, IRF642R/643R 
Forward Transconductance (Note 2) 
Input Capacitance 
Output Capacitance 
Reverse Transfer Capacitance 
Turn-On Delay Time Vpp = 100V, Ip = 18A, Rg = 9.10 


; See Figure 16. (MOSFET switching times 
Rise Time t 

: are essentially independent of operating 
Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


VDS > ID(ON) X (DS(ON) Max: VG@S = 10V 


ID(ON) 


= HA 
Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
Ty = +1259C 

re 


VGS = 10V, Ip = 10A 


DS(ON) 


[= |020 [022 
gig__|Voss50V,ip=10A———S~sSa | tO | id 
i85_| Vas = OV, Vos = 25V,1= 1 0MRE ee a 


See Figure 10 


aZlalo 
eau 
OID 
ZION IV 


aa 
=m 


V6s = 10V, Ip = 18A, Vps = 0.8V Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 

(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance 


~ 
” 


Junction-to-Case 
Case-to-Sink 


Junction-to-Ambient RQJA 


Mounting surface fiat, smooth and greased 
Free air operation 


D}| D 
S\P 
MIO 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Ty = +2509, Is = 18A, Vag = OV | - [ 20 | vi | 
T) = +2506, Ir = 18A, dif/dt = 100A/us 240 | 530 | ns | 
Ty = +1509C, IF = 184A, diF/dt = 100A/ys 


28 [56 | 
Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls +Lp. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


= 


ISM 


Diode Forward Voltage (Note 2) 


Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


VSD 
trr 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpop = 20V, Start Ty = +25°C, L = 3.37mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 25Q, IpeEaAK = 18A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF640, IRF641, IRF642, IRF643 IRF640R, IRF641R, IRF642R, IRF643R 


Performance Curves 


Ip. ORAIN CURRENT (AMPERES) 
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IRF640, IRF6417, IRF642, IRF643 IRF640R, IRF641R, IRF642R, IRF643R 


Performance Curves (Continued) 
1.329 
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FOR TEST CIRCUIT 
SEE FIGURE 17 
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IRF640, IRF641, IRF642, IRF643 IRF640R, IRF6417R, IRF642R, IRF643R 


Performance Curves (Continued) 
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FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


Res 


E1 = O.5BVpss Ec= 0.75 BVpss 


WAVE.gem Ec 
BVp ss UNWAVE.gem 


Vpop 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
wn TYPE 
12V |0.2 AS DUT 
R BATTERY '}F 
_ a, 


I Rg + 
Ves= 4 | - Yop 


PULSE WIDTH < 14S ; | | { 15mA 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT —L Ip CURRENT 
= SAMPLING RESISTOR ™ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i HARRIS IRF644, IRF645 
IRF646, IRF647 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated 


Features Package 
¢ 13A and 14A, 250V - 275V 
* rps(on) = 0.28 and 0.342) 


TO-220AB 
TOP VIEW 


DRAIN cate: 
(FLANGE) 


© SOA is Power-Dissipation Limited | 


e Nanosecond Switching Speeds 


e Single Pulse Avalanche Energy Rated ————— SOURCE 


| ae LOA 


e Linear Transfer Characteristics 
e High Input Impedance 
e 275/250V DC Rating - 120V AC Line System Operation 


Description 


The IRF644, IRF645, IRF646, and IRF647 are advanced power 
MOSFETs designed, tested and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv- 
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The IRF-types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


7) 
tu 
at i 
=> WY 
=O 
{= 
=o 
28 
za 

Oo 
ee 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF644 IRF645 IRF646 IRF647 UNITS 


Drain-Source Voltage (1) 250 250 275 
Drain-Gate Voltage (RGs = 20kQ) (1) 250 250 27S 
Continuous Drain Current 
To = +259C 14 13 14 
To = +1009C 8.8 8.0 8.8 
Pulsed Drain Current (3) 56 52 56 
Gate-Source Voltage +20 +20 #20 
Maximum Power Dissipation 
To = +259C 125 125 125 
Linear Derating Factor 1.0 1.0 1.0 
Single Pulse Avalanche Energy Rating (4) 550 550 550 
Operating and Storage Junction -55to+150 -55to+150 -55to+150 -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C 4. Vpp = SOV, starting Ty = +25°C, L = 4.5mH, Regs = 250, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 14A. See Figures 14 & 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number D1 69 1 
Copyright © Harris Corporation 1991 
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Specifications IRF644, IRF645, IRF646, IRF647 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| Vas = OV, Ip = 250yA 
IRF646, IRF647 


Sa | uns 


IRF644, IRF645 | 200 | - | - | V | 
Vos = Vas; Ip =-250pA | 20 | - | 40 | Vv | 


[Gate-Source LeakageFoward | lass |Vag=20V_—=———SsS = + 800] 


Gate-Source Leakage Reverse less |Vas=20V | = | = | -500 | nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgg = OV | = | - | 250 | pA | 
Vps = Max Rating x 0.8, Vgs = OV, 1000 pA 
Ty = +125°9C 
On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X DS(ON) Max: VGS = 10V 
IRF644, IRF646 14 A 
IRF645, IRFO47 ris | - | - [| A_ 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 8A 
Resistance (Note 2) 
IRF644, IRF646 9) 
iRF645, IRFO47 [= [028 | 0.34 
Forward Transconductance (Note 2) Vps > 5OV, Ip = 8A | 67 | 10 | - | SQ) | 
Input Capacitance Ciss_ | VGs=OV, Vps = 25V, f = 1.0MHz | - | 1300 | - | pF | 
Output Capacitance Coss __| See Figure 10 | - | 320 | - | pF 
Reverse Transfer Capacitance Crss | - | 6 | ~ | pF | 
Turn-On Delay Time tq(ON) | Vpp = 125V, !p = 144, Rg = 9.19 | - | 16 | 24 | ns | 
Rise Ti t See Figure 16. (MOSFET switching times 67 
Ea wlccacadiivindesendenteansaire emt 
Turn-Off Delay Time td(OFF)_| temperature) | - | 53 | 80 | ns | 
Fall Time a a 
Total Gate Charge Vgs = 10V, Ip = 14A, Vps = 0.8 Max 39 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
te- h (Gate charge is essentially independent of 
Gate-Drain (‘Miller’) Charge | = | nc 


| Qqa | 
Lp 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Internal Drain Inductance 


Internal Source Inductance Ls Measured from the 7.5 nH 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 
Junetion-to-Case ROJO es ee 
Case-to-Sink Recs | Mounting surface flat, smooth andgreased | - | O05 | - | °C/W 


pinciersnambent [Rasa [Frevaronwaton T= | | PO 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Is 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Diode Forward Voltage (Note2)_ | ~Vsp__| Ty=+25°C, Ig = 14A, Vag = OV Poe fe 
Reverse Recovery Time | tr =| Ty = +259C, Ip = 14A, di/dt = 100A/us | 150 | 300 | 640 | ns | 
Reverse Recovered Charge | Qrar_ | Ty =+25°C, Ip = 14A, die/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


VSD 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SOV, Start Ty = +25°C, L = 4.5mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpeEaK = 14A 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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IRF644, IRF645, IRF646, IRF647 
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IRF644, IRF645, IRF646, IRF647 
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IRF644, IRF645, IRF646, IRF647 
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“) HARRIS IRF710/711/712/713 
IRF710R/711R/712R/713R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
A00V TO-220AB 
e1.7A and 2.0A, 350V - TOP VIEW 
® rps(on) = 3.62 and 5.02 
j * DRAIN 
¢ Single Pulse Avalanche Energy Rated a SOURCE 
mare anal 
e SOA is Power-Dissipation Limited > CATE 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
© High Input Impedance 
Description 
The IRF710, IRF711, IRF712, and IRF713 are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF710R, IRF711R, IRF712R and IRF713R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF710 IRF711 IRF712 IRF713 
IRF710R IRF711R IRF712R IRF713R UNITS 

Drain-Source Voltage: (1) oc. ccacc succes verssenewsss Vos 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20kKQ) (1).......... 0 eee ee VDGR 400 350 400 350 V 
Continuous Drain Current 

I acc cewnccdvaceusenceadeeensvedaianses ID 2 2 1.7 iZ A 

To=+1 GO suede cded nbd an heauhasd ane zee nea nas daw Ip 1.2 1.2 1.1 1.1 A 
Pulsed Drain Current (3) os cvccscswscsccvescaees sean cs IDM 5 5 4.3 4.3 A 
Gale-Sourees VONNGE ocicaccens cooks nernaeaerssreees Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

TEE FBS, ccc annenisnas ane sewer ae nen cnn denaewnn ns Pp 36 36 36 36 WwW 
Linear Derating FeCl. isicecectcccecdceee scdwee eeoiarenes 0.29 0.29 0.29 0.29 W/°C 
Inductive Current, Clamped ...........0ccceceacececees ILM 6.0 6.0 5.0 5.0 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 120 120 120 120 mJ 
Operating and Storage Junction .................-. Ty TstG@ “55to+150 -55to+150 -55t0o+150 -55to +150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering.............4. Th 300 300 300 300 °C 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = SOV, starting Ty = +25°C, L = 53mH, Rgg = 25N, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 2A. See Figure 15. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF710, IRF717, IRF712, IRF713 IRF710R, IRF711R, IRF712R, IRF713R 


Electrical Characteristics Tc = 259°C, Unless Otherwise Specified 


LIMITS 


at os 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 


SYMBOL TEST CONDITIONS 
BVpss_| Vas= OV, Ip = 250uA 


IRF710/712, IRF710R/712R V 

IRF711/713, IRF711R/713R | 350 | - | - | vi | 
[Gate Threshold Vortage | Vasqrm) [Yos=Vas. Ip=2500A—S~—~sCi YS Cd CT 
iss_[Vas=20v_SSCSCSC~SS ES «80 | 
igss_|Ves=-20V_SSSSSSCSCSC~d CS dT YS 800 | 


Zero Gate Voltage Drain Current 


Vps = Max Rating, Vag = OV ee a 
Vps = Max Rating x 0.8, Vas = OV, 1000 uA 
Ty = +1259C 


VGs = 10V, Ip =1.1A 
IRF710/711,IRF710R/711R 3.3 3.6 9) 


IRF712/713, IRF712R/713R 


Forward Transconductance (Note 2) Ofs Vps > 50V, Ip = 1.1A | 10 | 15 | - | SW) 

Input Capacitance iss | Vas = OV, Vps = 25V, f = 1.0MHz 

Output Capacitance oss _| See Figure 10 

Reverse Transfer Capacitance 

Turn-On Delay Time 

; See Figure 16. (MOSFET switching times 

Rise Time t 10 18 
cesaikivideenieidessedtig (=o Oa 

Turn-Off Delay Time ta(OFF)_| temperature} ee 

Fall Time tf 

Total Gate Charge 

(Gate-Source + Gate-Drain) 

Gate-Source Charge " 

Gate-Drain (‘‘Miller’) Charge C 


Internal Drain Inductance 


On-State Drain Current (Note 2) 
IRF710/711, IRF710R/711R 


IRF712/713, IRF712R/713R 


Static Drain-Source On-State 
Resistance (Note 2) 


ID(ON) 


DS(ON) 


io) 
op) 
nd 
“J 
; 


AZlolo 

cube 
ap) 

ZIM 


Yop = 50V, Ip = 56A, Ag = 240 ee 


Vas = 10V, Ip = 2.0A, Vpsg = 0.8V Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Pi 
ro) 
OQ 


O 


oO} O}| O 
a! [eed = Ir = 


= 


Measured from the Modified MOSFET 
contact screw on symbol showing the 
tab to center of die internal device 


_ae 
se 
inductances. mi 
Measured from the . 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 
ae 
_a 


a 


Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance 


op) 


Junction-to-Case 
Case-to-Sink 
Junction-to-Ambient 


= 


Mounting surface flat, smooth and greased 


213 5 
min 


RgJA Free air operation 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET a 
symbol showing the 
integral reverse 
P-N junc. rectifier. 
S 


Ty = +259C, Ig = 2.0A, Ves = OV 
Ty = +2506, IF = 2.0A, dif/dt = 100A/us 


Reverse Recovery Time = 
Reverse Recovered Charge Ty = +259C, Ip = 2.0A, dlp/dt=100A/us | 0.40 | 
Intrinsic turn-on time is negligible. Turn-on a 


Forward Turn-on Time 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +259C, L = 53mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, Ipeax = 2A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


= 


ISM 


Diode Forward Voltage (Note 2) Vsp 


OV, 4 
So 
< 


on 
ro) 
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IRF710, IRF711, IRF712, IRF713 IRF710R, IRF711R, IRF712R, IRF713R 


Performance Curves 


Ip. DRAIN CURRENT (AMPERES) 
Ip. ORAIN CURRENT (AMPERES) 


20 30 120 160 200 
Vg: ORAIN-TO-SOUHEE VOLTAGE {VOLTS) Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


ia’) 


Ip. DRAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 


10 
Vpg. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF710, IRF7171, IRF712, IRF713 IRF710R, IRF711R, IRF712R, IRF713R 


Performance Curves (Continued) 


BOps PULSE TEST 


TRANSCONDUCTANCE (SIEMENS) 
Ipq. REVERSE DRAIN CURRENT (AMPERES) 


2.0 
Ip. DRAIN CURRENT (AMPERES) Vsp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 


N-CHANNEL 
POWER MOSFETs 


DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpgg. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMAL IZED) 
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FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 
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FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
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IRF710, IRF711, IRF712, IRF713 IRF710R, IRF711R, IRF712R, IRF713R 


Performance Curves (Continued) 


AO ops PULSE TEST 


24 


aia 
P| tt 
RRR ERD, 


Pty Tt 
1.0 2.0 . 4.0 5.0 
Ip. DRAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT 


Ros (on): ORAIN-TO-SOURCE ON RESISTANCE 


yP—— 
| vee = 20V 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 


tp 


I 


E1 = 0.5BVpsg Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS 


ol 
Vgs= 10V 
tp 


SE 


‘CORDON 
IRF710, IRF711 
SRNR TY 
[| ner Nae 
IRF712, IRF713 WN 


IRF712R, IRF713R 


0.8 


Ip. DRAIN CURRENT (AMPERES) 


Tc, CASE TEMPERATURE ( °C) 


FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 


Vos 


VARY tp TO OBTAIN 


REQUIRED PEAK I Rae 


FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+ Vos 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
a TYPE 
12V 10.2 AS DUT 

Rp BATTERY '}F 
a 

Vps 

DUT 
+ 
Vpp 


Vgs = 10V 


PULSE WIDTH < 15S 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 
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-Vpos 
IG CURRENT —L Ip CURRENT 
SAMPLING RESISTOR ~ SAMPLING RESISTOR 


FIGURE 17. GATE CHARGE TEST CIRCUIT 


i HARRIS IRF720/721/722/723 
IRF720R/721R/722R/723R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
¢ 2.8A and 3.3A, 350V - 400V TO-220AB 


TOP VIEW 
® rps(on) = 1.80 and 2.5 


. * DRAIN = 
EE ——— 
¢ Single Pulse Avalanche Energy Rated (FLANGE) SOURCE 


> DRAIN 
¢ SOA is Power-Dissipation Limited | ———— GATE 
¢ Nanosecond Switching Speeds — 


e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRF720, IRF721, IRF722, and IRF723 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRF720R, IRF721R, IRF722R and IRF723R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 
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Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF720 IRF721 IRF722 IRF723 
IRF720R IRF721R IRF722R IRF723R UNITS 


Drain-Source Voltage (1) 400 350 400 350 
Drain-Gate Voltage (RGs = 20kN) (1) 400 350 400 350 
Continuous Drain Current 
3.3 3.3 2.8 2.8 
To = +100°9C 2.1 2,1 1.8 1.8 
Pulsed Drain Current (3) 13 13 11 11 
Gate-Source Voltage #20 +20 +20 +20 
Maximum Power Dissipation 
To = +25°9C 50 50 50 50 
Linear Derating Factor 0.4 0.4 0.4 0.4 
Inductive Current, Clamped 12 12 10 10 
(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4) 190 190 190 
Operating and Storage Junction -§5to+150 -55to+150 -55to+150 -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
. Ty = +25°C to +150°C. 4. Vpp = SOV, starting Ty = +25°C, L = 31mH, Regs = 25N, 
. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 3.3A. See Figure 15. 
. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 579 1 
Copyright © Harris Corporation 1991 . 
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IRF720, IRF721, IRF722, IRF723 IRF720R, IRF721R, IRF722R, IRF723R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 
Drain-Source Breakdown Voltage BVpss_ | VGs= OV, Ip = 250pA 
IRF720/7 22, IRF720R/722R 
IRF721/723, IRF721R/723R 
Gate Threshold Voltage VesrtH) | Vos = Vas: Ip = 250uA | 20 | - | 40 | Vv | 


V 
Gate-Source Leakage Forward lass |Vas=20V 
Gate-Source Leakage Reverse lass |VaGs=-20V 


Zero Gate Voltage Drain Current Ipss Vps = Max Rating, Ves = OV 
Vps = Max Rating x 0.8, Vgs = OV, 


Ty =+1250C 


On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X RDS(ON) Max, Vas = 10V 
IRF720/721, IRF720R/721R 


IRF722/723, IRF722R/723R 


Static Drain-Source On-State 'DS(ON) | VGS = 10V, Ip = 1.8A 
Resistance (Note 2) 
IRF720/721, IRF720R/721R 


IRF722/723, IRF722R/723R 


Forward Transconductance (Note 2) Vps > 5OV, Ip = 1.8A 
Input Capacitance Ciss ; 
Output Capacitance Coss 


Reverse Transfer Capacitance Crss 


Turn-On Delay Time | td(ON) | VoD = 200V, Ip = 3.3A, Rg = 189 


Rise Time 1 See Figure 16. (MOSFET switching times 


- are essentially independent of operating 
Turn-Off Delay Time tg(OFF temperature) 
Fall Time 
Total Gate Charge Vas = 10V, Ip = 3.3A, Vps = 0.8V Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge (Gate charge is essentially independent of 


Gate-Drain (‘Miller’) Charge 


| Qgd 
Internal Drain Inductance Measured from the Modified MOSFET 
contact screw on symbol showing the 
tab to center of die internal device 
inductances. 
Measured from the . 
drain lead, 6mm 
(0.25in.) from pack- 


age to center of die 


C) 
Lp 
Internal Source Inductance Ls Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 
| Roc | 


Junction-to-Case RoJc 
Case-to-Sink Recs | Mounting surface flat, smooth and greased 
Junction-to-Ambient RQJA Free air operation 

Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET p 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse “ 
(Body Diode) (Note 3) P-N junc. rectifier. 
S 


Diode Forward Voltage (Note 2) Tj = +250C, Ig =3.3A, Vag = OV 
Ty = +25°C, IF = 3.3A, di¢/dt = 100A/us 
TQrr__| Ty = 425°C, Ip = 3.3A, dip/dt = 100A/us 0.64 


Forward Turn-on Time 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +259C, L = 31mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpEAK = 3.3A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF 720, IRF721, IRF722, IRF723 IRF720R, IRF721R, IRF722R, IRF723R 


Performance Curves 


if 
BOps PULSE Test | 
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Ip. DRAIN CURRENT (AMPERES) 
Ip. ORAIN CURRENT (AMPERES) 


| od ge Eh | 
ERRREEEEEE 
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200 
Vos: ‘DRAIN-TO-SOURCE VOLTAGE "(VOLTS) cme TO= — cing ware 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF720, IRF721, IRF722, IRF723 IRF720R, IRF721R, IRF722R, IRF723R 


Performance Curves (Continued) 


BOps PULSE TEST 
| 


TRANSCONDUCTANCE (SIEMENS) 


GFs: 


Ip. DRAIN CURRENT (AMPERES) 


FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 


pt tt tT AL 
Pt tt | tN 


BVpss- ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0:7 
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Ty. JUNCTION TEMPERATURE ( °C) 


FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 
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1 e 5 10 e 5 10° 
Vpg- DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 
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Ing. REVERSE DRAIN CURRENT (AMPERES) 


& 
oO 
@ 
_ 
if 
0 


6 2.0 


Vop, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 


(NORMALIZED) 


DRAIN-TO-SOURCE ON RESISTANCE 


Ros (on): 


A) 


_ 


VOLTAGE 


0 
-60 -40 -2-0 0 20 40 60 80 100 120 140 160 


Ty, JUNCTION TEMPERATURE ( °C) 


FIGURE 9. NORMALIZED ON-RESISTANCE vs 


Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


TEMPERATURE 


FOR TEST CIRCUIT 
SEE FIGURE 17 


4 8 ie 16 20 
Qg. TOTAL GATE CHARGE (nC) 


FIGURE 11. TYPICAL GATE CHARGE vs 


GATE-TO-SOURCE VOLTAGE 


IRF720, IRF7217, IRF722, IRF723 IRF720R, IRF721R, IRF722R, IRF723R 


Performance Curves (Continued) 
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DRAIN-TO-SOURCE ON RESISTANCE 


Ip. ORAIN CURRENT (AMPERES) 
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Ip. DRAIN CURRENT (AMPERES) To, CASE TEMPERATURE ( Oc) 
FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 
Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Res 


Vas = 10V =, DUT 


p Vas= 10V}<——= 
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” 
tu 
7 ue 
2=W 
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c= 
Lo 
35 
= 

re) 
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Ey = 0.5 BVpss Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 


Rp BATTERY 'F 
mile 
Vps 
DUT 
A RG Laer 
Ves= 10V) ~ Yop 
hn! 
PULSE WIDTH < 1S [ _ | ae 
DUTY FACTOR < 0.1% _ -Vps 
IG CURRENT —L Ip CURRENT 
= SAMPLING RESISTOR — SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i“ HARRIS 


August 1991 


IRF730/731/732/733 
IRF730R/731R/732R/733R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features , Package 
e 4.5A and 5.5A, 350V - 400V 
® rps(on) = 1.02 and 1.529 


TO-220AB 
TOP VIEW 


e Single Pulse Avalanche Energy Rated* se ANGES . ————— SOURCE 
¢ SOA is Power-Dissipation Limited | _————— GATE 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRF730, IRF731, IRF732, and IRF733 are n-channel | Termijna/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRF730R, IRF731R, IRF732R and IRF733R types are N-CHANNEL ENHANCEMENT MODE 


advanced power MOSFETs designed, tested, and guaranteed 


to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF730 IRF731 IRF732 IRF733 
IRF730R IRF731R IRF732R IRF733R UNITS 
Drain-Source Voltage (1) 2.06 covacecssescssseves eens Vos 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20k) (1)... 2.2... 0. eee eee VDGR 400 350 400 350 V 
Continuous Drain Current 
TF GEe css Se ienaeeinved honcanwnanas dedsnesese Ip 5.5 5.5 4.5 4.5 A 
TESTO, ns ccvewnesneedineces ewes ene cee neeee es ID 3.5 3.5 3.0 3.0 A 
Pulsed Drain Gurrent{S) cccsctivwcascavasnesan cou caowws IDM 22 22 18 18 A 
Gale-Soures VONERGS sais s ss cce as cccctssesns eva snnws Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
Wl odes dus “SUTETECCL OTE E CETERA Ee ee Pp 75 Ta 75 75 WwW 
Linear Derating Factors. isis ces ses eecdeveneevnsenevenans 0.6 0.6 0.6 0.6 W/°C 
inductive Current, Clamiped 66 sois sce sic avn cones ces dae war ILM 22 22 18 18 A 
(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 300 300 300 300 mJ 
Operating and Storage Junction ................8. Ty TsTG  -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering............... Tk 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpop = 5OV, starting Ty = +25°C, L = 17mH, Res = 25N, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 5.5A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 580.1 


Copyright © Harris Corporation 1991 
4-346 


IRF730, IRF731, IRF732, IRF733 IRF730R, IRF731R, IRF732R, IRF733R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_ | VGs= OV, Ip = 250yA 
IRF730/732, IRF730R/732R 


LIMITS 


ao | ners 


pico | - | - |v 


IRF731/733, IRF731R/733R | 380 | - | - | vi 
[Gate ThresholdVotage _—_—_—«(| Vasa) |Vos=Vas.Ip=2500A SSCS ST SC ~SC«dL «| CC 


Gate-Source Leakage Forward lass |Vas=20V | = | - {| 500 | nA | 
Gate-Source Leakage Reverse lass Vas = -20V nA 


Zero Gate Voltage Drain Current Ipss 


Vps = Max Rating, Vgs = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +125°9C 


Vps> ID(ON) x RDS(ON) Max, Vgs = 10V 


1000 uA 


On-State Drain Current (Note 2) 
IRF730/731, IRF730R/731R 


IRF732/733, IRF732R/733R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF730/731, IRF730R/731R 


IRF732/733, IRF732R/733R 


ats 
iss _| Vas = OV, Vs = 25V, f= 1.0MHz 
eae 

Rise Time tr 
Fall Time tf 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge | Qgsg | 
CO) 


Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


ID(ON) 


(DS(ON) | VGS = 10V, Ip = 3.0A 


1 


(o>) 


op) 
~~ 
Cc? 
I 
~— 


TT 


i?) 


@) 
1M 
1M 


T 
= 


Oo 


Vpp = 200V, Ip =~ 5.5A, Rg = 129 
See Figure 16.(MOSFET switching times 
are essentially independent of operating 

temperature) 


—_ 
oO 
— 


_ I 
7 (Fe) okt = N on 
0) : : o,) 


on 


on 
| 
@) 


Ves = 10V, Ip = 5.5A, Vps = 0.8V Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


maa sk 
nyo 


3 
QO 


= 
@) 


Measured from the Modified MOSFET 

contact screw on symbol showing the 

tab to center of die internal device 
inductances. 


rc 
] 


Measured from the 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


3 
x= 


Internal Source Inductance 


N 


; Wo] =] =| 0 on : 
o) toro On oO 


S 


D 
D S 5 
i?) 


Junetion-to-Case as 
Case-to-Sink acs | Mounting surface flat, smooth and greased OC/wW 
Junction-to-Ambient QJA | Free air operation | - | 80 | °C/W 


Source Drain Diode Ratings and Characteristics 
Modified MOSFET 


Continuous Source Current 
(Body Diode) symbol showing the 


Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


* 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge | QrRR | 
Forward Turn-on Time 
NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 17mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpEAK = 5.5A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF730, IRF731, IRF732, IRF733 IRF730R, IRF731R, IRF732R, IRF733R 


Performance Curves 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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Ip. ORAIN CURRENT (AMPERES) 
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FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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mn ——— 
oe 


THERMAL RESPONSE (Z¢4, jc) 


ee ek ——-e —_ _ol eee 
0 a 
Ser Ttt 1. DUTY FACTOR, D=t,/to 
19-2 CLL . Pen tom © SenG * ¥c 
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t,. RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF730, IRF731, IRF732, IRF733 IRF730R, IRF7317R, IRF732R, IRF733R 


Performance Curves (Continued) 
10 


(AMPERES) 


oO) 


TRANSCONDUCTANCE (SIEMENS) 


Inq. REVERSE DRAIN CURRENT 


~ 2 
o 
7. . 
Ip. DRAIN CURRENT (AMPERES) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
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TEMPERATURE 
Cass * Cgg + Cgg. Cys SHORTED e 
c 5 
1200 - ; S 
a ee = Dp 
i Cys 0 4 A 
8 etLiLtLlL ll IY i 
w 900 5 
: > LEE LEIAAL LL 
rr CE 
: gti tT IAAL 
& 600 B A, 
5 = 
a w 
2 
300 o 
a 
= FOR TEST CIRCUIT 
SEE FIGURE 17 
2 : 2 5 ‘5 2 5 102 0 8 16 24 a3 40 
Vopg: DRAIN-TO-SOURCE VOLTAGE (VOLTS) Gg. TOTAL GATE CHARGE (nC) 
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IRF730, IRF731, IRF732, IRF733 IRF730R, IRF731R, IRF732R, IRF733R 


Performance Curves (Continued) 


DRAIN-TO-SOURCE ON RESISTANCE 


Ros (on) * 


wo 
— 
Lae) 


Ip. DRAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


~_ 


Ves = 10V 


DUT 


IL 


Ey = 0.5BVpssg Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS 


DUT 


h RG al 
Vas = 10V <i 


PULSE WIDTH < 1S 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 
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Vgs= 10V 


BATTERY | }LF 
a a 


(AMPERES) 


IRF730, IRF731 
IRF730R, IRF731R 


IRF732, IRF733 
IRF732R, IRF733R 


Ip. DRAIN CURRENT 


75 100 125 
Tc. CASE TEMPERATURE ( °C) 


FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 


150 


Vos 


VARY tp TO OBTAIN 


REQUIRED PEAK I Res 


tp 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V (0.2 


-Vps 
IG CURRENT —L Ip CURRENT 
SAMPLING RESISTOR — SAMPLING RESISTOR 


FIGURE 17. GATE CHARGE TEST CIRCUIT 


fe HARRIS IRF740/741/742/743 
IRF740R/741R/742R/743R 


N-Channel Power MOSFETs 


August 1991 : Avalanche Energy Rated* 
Features Package 
TO-220AB 
¢ 8A and 10A, 350V - 400V rae 
® rps(on) = 0.552 and 0.829 
¢ Single Pulse Avalanche Energy Rated* perm ———_, SOURCE 


; — ‘ —_ a DRAIN 
¢ SOA is Power-Dissipation Limited | == GATE 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRF740, IRF741, IRF742, and IRF743 are n-channel | Termijna/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRF740R, IRF741R, IRF742R and IRF743R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 


# 
to 
i ue 
2 
2=O 
<c<= 
ee 

z 

re) 
2. 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRF740 IRF741 IRF742 IRF743 
IRF740R IRF741R IRF742R IRF743R UNITS 

Drain-Source Voltage (1) «saccs cas ctvveccncenveuns was Vps 400 350 400 350 V 
Drain-Gate Voltage (RG@S = 20kKN) (1)...... eee ee eee VDGR 400 350 400 350 V 
Continuous Drain Current 

TG FESS conker cveesisx0ds peenepeegweesene weeps Ip 10 10 8.0 8.0 A 

Te ne oes cckte nd cednbratvel de seueeancaneds Ip 6.3 6.3 5.2 5.2 A 
Pulses DMI GIONS) osc acscncsenencednes deuce sees IDM 40 40 33 33 A 
Gate-Source VONAGE civewsvcccesns nawewnen eee wean s Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

NAGS stata nnecossnewadecnenmwrnes dae eaeveias Pp 125 125 125 125 W 
Linear Darating Fatt cinaseccadacunds excanverdoaeavuasa 1.0 1.0 1.0 1.0 W/9C 
Inductive Current, Clamped i cccsccnscccucressavevcnns ILM 40 40 32 32 A 

(See Figure 14, L = 100,1H) 
Single Pulse Avalanche Energy Rating (4).............6. Eas” 520 520 520 520 mJ 
Operating and Storage Junction ............2 eee Ty TSTG -55to+150 -55to+150 -55to+150 -55to+150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 °C 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = 5OV, starting Ty = +25°C, L = 9.1mMH, Res = 25N, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 10A. See Figure 15. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling. procedures should be followed. 
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IRF 740, IRF7417, IRF742, IRF743 IRF740R, IRF741R, IRF742R, IRF743R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 


Sa ors 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF740/742, IRF740R/742R 


IRF741/743, IRF741R/743R 


[Gate Threshold Votege | Vasany [Vos = Vas tp = Oy] -20 [=a 
[Gate-Source Leakage Foward | less |Vas=20v SCS | = | 800+ 
Se ES SC CAN 8 


SYMBOL TEST CONDITIONS 
BVpss_| Vas = OV, Ip = 250uA 


Zero Gate Voltage Drain Current IDss <a Max Rating, Vgg = OV ee 
D(ON) 


Vps = Max Rating x 0.8, Vgs = OV, 1000 
Ty = +1259C 


On-State Drain Current (Note 2) 
IRF740/741, IRF740R/741R 


IRF742/743, IRF742R/743R 


Static Drain-Source On-State 
Resistance (Note 2) 


Vps> ID(ON) 4 RDS(ON) Max, Vgs = 10V 


Pike ears 


TDS(ON) | VGS = 10V, Ip = 5.2A 
IRF740/741, IRF740R/741R 0.47 0.55 


IRF742/743, IRF742R/743R ae a 
[Forward Transconductance (Note2) | ais __|Vps>S0Vip=52A_———S~—~iS=Ci | 8 | «dC 


Turn- cas Delay Time td(ON Vpop = 200V, Ip = 10A, Rg = 9.12 
ee ee 


—— 
frattime 
Total Gate Charge | Po | 
(Gate-Source + Gate-Drain) 

Gate-Drain (“Miller”) Charge Togs 
Internal Drain Inductance 


Ves = 10V, Ip = 10A, Vps = 0.8V Max 
Rating. See Figure 17 for test circuit. 

ae charge is essentially independent of 
Lee | sieinn temperature.) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 

(0.25in.) from pack- 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Internal Source Inductance 


Junction-to-Case 026 


Case-to-Sink Mounting surface flat, smooth and greased 


Junction-to-Ambient a A Free air operation 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note2) | Vsp_ | Ty=+25°C, Ig = 10A, Vas = OV | - | - [ 20 | vi | 
Reverse Recovery Time | tre = | Ty = +259C, IF = 10A,dif/dt=100A/us =| 170 | 390 | 790 | ns | 
Reverse Recovered Charge | QrrR_ | Ty=+259C, Ip = 10A, diF/dt = 100A/us | 16 {| 45 {[ 82 | uC | 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


NOTES: 1. Ty = +25°C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 5OV, Start Ty = +25°C, L = 9.1mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Regs = 252, IpeEaAK = 10A (See Figure 15) 
Duty Cycle <. 2% Impedance Curve (Figure 5) 
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IRF 740, IRF741, IRF742, IRF743 IRF740R, IRF741R, IRF742R, IRF743R 


Performance Curves 


15 
10V 


Ip. DRAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 


0 40 80 120 160 200 a 2 r = 8 10 
Voge ORALN-TO-SOURCE VOLTAGE (WOLTS) Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


15 


N-CHANNEL 
POWER MOSFETs 


Ip. DRAIN CURRENT (AMPERES) 
DRAIN CURRENT (AMPERES) 
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0 2 4 6 8 10 4 € 0 0 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 


4-353 


IRF 740, IRF74 1, IRF742, IRF743 IRF740R, IRF7417R, IRF742R, IRF743R 


Performance Curves (Continued) 
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re eee 
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IRF740, IRF741, IRF742, IRF743 IRF740R, IRF741R, IRF742R, IRF743R 


Performance Curves (Continued) 


BOps PULSe TEST —s 


a0 


DRAIN-TO-SOURCE ON RESISTANCE 
Ww 
° 


Ros (on) 


0 10 20 30 40 50 
Ip. DRAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Vas= 10V DUT 
tp 


IL 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS 


aL 
Ves = 10V 


PULSE WIDTH < 1S 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


| 1RF740, IRF741 
IRF740R, IRF741R 


(AMPERES) 


DRAIN CURRENT 


Ip. 


FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 


TEMPERATURE 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Vpp 
p 
FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 
FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
+ Vos 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
a. TYPE 
12V |0.2 AS DUT 
BATTERY |}F 
= = 
| | 1.5mA 
° —_ -Vps 
Iq CURRENT —K— Ip CURRENT 
SAMPLING RESISTOR ™ SAMPLING RESISTOR 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i? HARRIS IRF820/821/822/823 
IRF820R/821R/822R/823R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
TO-220AB 
® 2.2 and 2.5A, 450V - 500V TOP VIEW 
® rps(on) = 3.02 and 4.02 
e Si ke DRAIN — 
ingle Pulse Avalanche Energy Rated a? SOURCE 
(FLANGE) DRAIN 
e SOA is Power-Dissipation Limited | > GATE 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
¢ High Input Impedance 
Description 
The IRF820, IRF821, IRF822, and IRF823 are n-channel Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF820R, IRF821R, IRF822R and IRF823R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF820 IRF821 IRF822 IRF823 
IRF820R IRF821R IRF822R IRF823R UNITS 

Drain-Souree VOtAGS (1) ox sus eaned cue aesaes ven ne dees Vps 500 450 500 450 V 
Drain-Gate Voltage (RGS = 20kQ) (1)... 66. e eee eee VDGR 500 450 500 450 V 
Continuous Drain Current 

Te FESS cvexnvdcasesinssamsaawsesineewew meena Ip 2.3 25 2.0 2.0 A 

Te TOG csctescatesiunewaverres tcnasenen ewan Ip 1.6 1.6 1.4 1.4 A 
Pulsed Bra CUrGA(S) asc ccccsenes dens biee dn dawn nsne IDM 8.0 8.0 7.0 7.0 A 
Gate-Source Voltage 2.06. ccscssvew sons dvsvnsece wns Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

Tc= PO) denna owas nnd neniwes pucker sotenncRewncd Pp 50 50 50 50 W 
Linear Derating FACS 5 .c0ncscecsscnsan oun vavdes vaton ces 0.40 0.40 0.40 0.40 W/9°C 
Inductive Current, Clamped 12. ccucccnevs nce nrense cence ILM 10 10 8.0 8.0 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas” 210 210 210 210 mJ 
Operating and Storage Junction .............0008. Ty Tstqg ~“55to+150 -55to+150 -55t0+150 -55to+150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering............... Tk 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = 50V, starting Ty = +25°C, L = 60mH, Rgs = 252, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 2.5A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maxinrum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 581 : | 
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IRF8&20, IRF821, IRF822, IRF823 IRF820R, IRF8217R, IRF&822R, IRF&23R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


Drain-Source Breakdown Voltage BVpss_ | Vas = OV, Ip = 250yA 
IRF820/822, IRF820R/822R 


IRF821/823, IRF821R/823R 


= 

[Geie TresholdVotage | Vasimy [Vos = Vas =@50A 20 [= a0 
[Gate-Source Leakage Foward | less [Vas=20V = = 800] 
Geto-Source Leakage Reverse | less [Vag=-20 800 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Veg = OV | = {| = | 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +125°9C 
On-State Drain Current (Note 2) 
IRF820/821, IRF820R/821R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF820/821, IRF820R/821R 


Forward Transconductance (Note 2) Ofs 
Input Capacitance Ciss_ |VGs=OV, Vps = 25V, f = 1.0MHz 


See Figure 10 


= 250V, Ip = 2.5A, Rg = 189 
Rise Time t See Figure 16.(MOSFET switching times 


ee lla aia 
Fall Time 
Total Gate Charge | Oo Vas = 10V, Ip = 2.5A, Vpg = 0.8V Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge : (Gate charge is essentially independent of 


operating temperature. 
Gate-Drain (“Miller”) Charge | Qgq | P oe ) 
Lp 


Internal Drain Inductance Measured from the Modified MOSFET 

contact screw on symbol showing the 

tab to center of die internal device 
inductances. 

Measured from the 

drain lead, 6mm 

(0.25in.) from pack- 

age to center of die 


Internal Source Inductance Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Ls 
Junction-to-Case Rec 
Case-to-Sink Roacs_ | Mounting surface flat, smooth and greased 
Junction-to-Ambient R@JA Free air operation 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Is 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Modified MOSFET " 
symbol showing the 
integral reverse 
P-Njunc. rectifier. © 
S 


: 
; 


: 
Reverse Recovery Time Ty = +259C, IF = 2.5A, dip/dt = 100A/us 13 300 540 | ns | 
Reverse Recovered Charge | Qrr_ | Ty=+259C, Ip = 2.5A, dif/dt = 100A/us 0.5 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 


speed is substantially controlled by Ls +Lp. 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 60mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpEAK = 2.5A (See Figure 15) 
~ Duty Cycle < 2% Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


IRF820, IRF821, IRF822, IRF823 IRF820R, IRF8217R, IRF822R, IRF&823R 


Performance Curves 
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IRF820, IRF827, IRF822, IRF823 IRF820R, IRF827R, IRF822R, IRF823R 


Performance Curves (Continued) 
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IRF820, IRF821, IRF822, IRF823 IRF&20R, IRF827R, IRF822R, IRF&23R 


Performance Curves (Continued) 
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FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 
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VARY tp TO OBTAIN 
REQUIRED PEAK I 
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VARY tp TO OBTAIN 
REQUIRED PEAK I, 
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E, = 0.5BVpsg Ec= 0.75BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
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CURRENT 
REGULATOR 


. 12V Hie 
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DUT 


| Rg < 
Ves= 4 | - Yop 
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DUTY FACTOR < 0.1% “Vos 
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FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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iG HARRIS IRF830/831/832/833 
IRF830R/831R/832R/833R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
TO-220AB 

® im 

4.0A and 4.5A, 450V - 500V TOP VIEW 
® rps(on) = 1.59 and 2.00 

. * DRAIN — 
¢ Single Pulse Avalanche Energy Rated (FLANGE) —— = SOURCE 
¢ SOA is Power-Dissipation Limited | == GATE 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
e High Input Impedance 
Description 
The IRF830, IRF831, IRF832, and IRF833 are n-channel Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF830R, IRF831R, IRF832R and IRF833R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 2 
to withstand a specified level of energy in the breakdown D nT = 
avalanche mode of operation. All of these power MOSFETs are =O 
designed for applications such as switching regulators, = g 
switching converters, motor drivers, relay drivers, and drivers Ic 
for high-power bipolar switching transistors requiring high G Ow 
speed and low gate-drive power. These types can be operated ee 3 
directly from integrated circuits. a. 
The IRF types are supplied in the JEDEC TO-220AB plastic Ss 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRF830 IRF831 IRF832 IRF833 
IRF830R IRF831R IRF832R IRF833R UNITS 

Drain-Source Voltage (1) <s ccc cc ceccaewe sec vewdennees Vos 500 450 500 450 V 
Drain-Gate Voltage (RGS = 20k) (1)...... 6. eee eee VDGR 500 450 500 450 V 
Continuous Drain Current 

Tc= Pt) «ache atic kee bes anatecu.crastonwe oece es ID 4.5 4.5 4.0 4.0 A 

OT eg to. ee ee ene err Ip 3.0 3.0 25 2.5 A 
Pulsed Drain Current (3) ........ 0. cece ccc cece eee lDM 18 18 16 16 A 
Gate" SCUIGE VONAOS occ ves ccd cn eae nwinveeenss nanan Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

Tco= SOUL & ten peGwe Ede wwe ek bed beDeueecwesweaed Pp 75 fo Fes) 7$ W 
Linear DGatind FeCl vcs nvecce eu tun dawnnunsaneke cen nne nn 0.6 0.6 0.6 0.6 W/°C 
Inductive Current, Clamped .......... ccc cece cece ecees ILM 18 18 16 16 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)..............4. Eas* 300 300 300 300 mJ 
Operating and Storage Junction ..............008- Ty Tgtq -55to+150 -55t0+150 -55to+150 -55to +150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = SOV, starting Ty = +25°C, L = 25mH, Rgs = 252, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 4.5A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. File Number 1 582 1 
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IRF8&30, IRF831, IRF832, IRF833 IRF&8&30R, IRF831R, IRF832R, IRF833R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage 
IRF830/832, IRF830R/832R 


Zero Gate Voltage Drain Current IDss Vps = Max Rating, Vas = OV 
Vps = Max Rating x 0.8, Vas = OV, 
Ty = +125°9C 
On-State Drain Current (Note 2) ID(ON) 
IRF830/831, IRF830R/831R 
IRF832/833, IRF832R/833R 


Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 2.5A 
Resistance (Note 2) 

IRF830/831, IRF830R/831R 

IRF832/833, IRF832R/833R 


[Forward Transconductance (Note 2) | __gis__|Vos>50VIp=25A |= SH) 
Ciss_| Vas = OV, Vos = 25V, f= 1.0MHz 
—eomeee we 


Turn-On Delay Time td(ON VoD = 250V, Ip = 4.5A, RG = 129 
ty See Figure 16. (MOSFET switching times 
: are essentially independent of operating 
Turn-Off Delay Time td(OFF temperature) 


Fall Time 


Total Gate Charge Vas = 10V, Ip = 4.5A, Vps = 0.8V Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge | Ogg | (Gate charge is essentially independent of 


e ‘ 
operating temperature. 
Gate-Drain (“Miller”) Charge | Qga | ‘i adaaned ) 
Lp 


Internal Drain Inductance Measured from the Modified MOSFET 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 
Measured from the 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance Ls Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Junction-to-Case 
Case-to-Sink Recs | Mounting surface flat, smooth and greased 
Junction-to-Ambient RaJA Free air operation 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Is 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Modified MOSFET _ 
symbol showing the 
integral reverse 
P-Njunc. rectifier. 
S 


Diode Forward Voltage (Note 2) Ty = +259C, Is = 4.5A, Vag = OV 
Reverse Recovery Time Ty = +2596, Ip = 4.5A, die/dt = 100A/us 180 350 760 | ns | 
Reverse Recovered Charge | QrR_ | Ty=+259C, Ip = 4.5A, dig/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpop = SOV, Start Ty = +25°C, L = 25mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpeaK = 4.5A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF830, IRF831, IRF832, IRF833 IRF830R, IRF831R, IRF832R, IRF8&33R 
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IRF830, IRF831, IRF832, IRF833 IRF830R, IRF831R, IRF832R, IRF833R 
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IRF8&30, IRF831, IRF832, IRF833 IRF830R, IRF8317R, IRF832R, IRF&833R 
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Fig. 12 — Typical On-Resistance Vs. Drain Current 
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Fig. 14a — Clamped Inductive Test Circuit 


Fig. 14b — Clamped Inductive Waveforms 
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ig? HARRIS IRF840/841/842/843 
IRF840R/841R/842R/843R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
e 7A and 8A, 450V - 500V 

® rps(on) = 0.852 and 1.12 

e Single Pulse Avalanche Energy Rated* DRAIN oO — o>) source 


TO-220AB 
TOP VIEW 


(FLANGE) DRAIN 
e SOA is Power-Dissipation Limited | — ===> GATE 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF840, IRF841, IRF842, and IRF843 are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRF840R, IRF841R, IRF842R and IRF843R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 

to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF840 IRF841 IRF842 IRF843 
IRF840R IRF841R IRF842R IRF843R UNITS 


Drain-Source Voltage (1) 500 450 500 450 
Drain-Gate Voltage (RGs = 20k) (1) 500 450 500 450 
Continuous Drain Current 
To = +25°9C 8.0 8.0 rAe) 7.0 
To = +1009C 5.1 5.1 4.4 4.4 
Pulsed Drain Current (3) 32 32 28 28 
Gate-Source Voltage +20 +20 +20 
Maximum Power Dissipation 
; 125 125 1235 
Linear Derating Factor 1.0 1.0 1.0 
Inductive Current, Clamped oe KG 28 
(See Figure 14, L = 100yuH) 
Single Pulse Avalanche Energy Rating (4) 510 510 510 510 
Operating and Storage Junction -55to+150 -55to+150 -55to+150 -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
. Ty = +25°C to +150°C. 4. Vop = 5OV, starting Ty = +25°C, L = 14mH, Rgs = 252, 
. Pulse Test: Pulse width < 300s, Duty Cycle < 2%. IPEAK = 8A. See Figure 15. 
. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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IRF840, IRF841, IRF842, IRF843 IRF840R, IRF841R, IRF842R, IRF843R 


LIMITS 


Sa | vs 


so | - | - |v 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_ | Va@s= OV, Ip = 250yuA 
IRF840/842, IRF840R/842R 


IRF841/843, IRF841R/843R | 450 | - | - | Vv | 
[Gate Threshold Voltage | Vasc) |Vps=Vos Ip=25uA | 2 4 


[Gate-Source Leakage Foward | lass [Vas=20V 800] 
iete-Souroe Leekage Reverse | lass _[Vas=-200 a0 
Zero Gate Voltage Drain Current Vps = Max Rating, Vag = OV |} = { - {| 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
Ty = +1259C 


ID(ON) | YDS > !ID(ON) X RDS(ON) Max, Vag = 10V 


On-State Drain Current (Note 2) 
IRF840/841, IRF840R/841R 


IRF842/843, IRF842R/843R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF840/841, IRF840R/841R 


IRF842/843, IRF842R/843R 


Forward Transconductance (Note 2) Vps > 50V, Ip = 4.4A | 49 | 74 | - | SU) 


TDS(ON) VGS = 10V, lp = 4.4A 


Input Capacitance Ciss |VaGs=OV,Vps= 
Output Capacitance Coss __| See Figure 10 
Reverse Transfer Capacitance Crss 
Turn-On Delay Time | td(ON) | VoD = 250V, Ip = 8A, Rg = 9.10 | ons | 
eter pein) acre ewlering tina =< 
- are essentially independent of operating 
Turn-Off Delay Time ta(OFF)_| temperature) | ons | 
Fall Time | ons | 
Total Gate Charge VGs = 10V, Ip = 8A, Vps = 0.8V Max nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


Gate-Source Charge 
Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


(Gate charge is essentially independent of 7.0 = 
operating temperature.) p70 | - | nc | 


Lp Measured from the Modified MOSFET 3.5 nH 
contact screw on symbol showing the 
tab to center of die internal device 

Ls 


inductances. 
Measured from the ° nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 
Measured from the G 
source lead, 6mm 
(0.25”) from header I 
and source bonding 
pad. 
sa 
a 


Internal Source Inductance 


Junetion-to-Case CC A 
Case-to-Sink Recs _ | Mounting surface flat, smooth and greased 
Junetion-to- Ambient ROJA 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
G 
S 


Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Ty = +259C, Is = 8.0A, VGs = 100A/us 


2 


_— 
oO 


fe) 
§ oe 
= 


3 


Diode Forward Voltage (Note 2) , Ig =8.0A, = 
Reverse Recovery Time Tj = +259C, Ir = 8.0A, di/dt = 100A/us 
Reverse Recovered Charge | QrrR_ | Ty=+259C, Ip = 8.0A, dif/dt = 100A/ps 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 


speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°9C, L = 14mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, IpeaK = 8A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRF840, IRF841, IRF842, IRF843 IRF840R, IRF841R, IRF842R, IRF843R 


Performance Curves 


| 
1 


Ip. ORAIN CURRENT (AMPERES) 
Ip. ORAIN CURRENT (AMPERES) 
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Vos: DRAIN- TO-SOURCE VOLTAGE (VOLTS) Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF840, IRF841, IRF842, IRF843 IRF840R, IRF841R, IRF842R, [IRF843R 


Performance Curves (Continued) 


TRANSCONDUCTANCE (SIEMENS) 
Ipq. REVERSE DRAIN CURRENT (AMPERES) 


9fs: 
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IRF840, IRF841, IRF842, IRF843 IRF&840R, IRF841R, IRF842R, IRF843R 


Performance Curves (Continued) 
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FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
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i HARRIS IRFAC40R 
IRFAC42R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated 
Features Package 
TO-204AA 
e 6.2A and 5.4A, 600V BOTTOM VIEW 


* DS(on) = 1-2 and 1.62 


DRAIN 
¢ Repetitive Avalanche Ratings SOURCE 


(FLANGE) 


e Simple Drive Requirements 


¢ Ease of Paralleling 


Description GATE 


The IRFAC40R and IRFAC42R are advanced power 

MOSFETs designed, tested, and guaranteed to withstand a 

specified level of energy in the breakdown avalanche mode of 

operation. These are n-channel enhancement-mode silicon- Terminal Diagram 

gate power field-effect transistors designed for applications 

such as switching regulators, switching converters, motor N-CHANNEL ENHANCEMENT MODE 
drivers, relay drivers, and drivers for high-power bipolar 

switching transistors requiring high speed and low gate-drive D 

power. These types can be operated directly from integrated 

circuits. 


The IRFAC types are supplied in the JEDEC TO-204AA steel 
package. G 
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Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFAC4OR IRFAC42R UNITS 

Continuous Drain Current 

TG EG wakatixe eee wease nt new seen iaswassne een eenuaden Ip 6.2 5.4 A 

TOOTS bs nccarsewmenneawaien ausee ene weanaaew sn canes’ Ip 3.9 3.4 A 
Pulsed Drain Comet) cc ccdess soctaccersvesescacasaeveveen IDM 25 22 A 
ate SOUrCe VONARS 06 cs-nancsscemketns atbensaeee cee ees Ves +20 +20 V 
Maximum Power Dissipation 

THF 2 SG octane cer iemarnanennsens cen etawsaaeren new vanes Pp 125 125 W 
Linear Derating Pastors <4sidcisces dca vccaendi sedas arr eriurwsewe 1.0 1.0 W/°C 
Single Pulse Avalanche Energy Rating (2) (see Figure 14)....... Eas 570 570 mJ 
Operating and Storage JUACHION 4.05 56 scence nes ns cs ons es Ty, TSTG -55 to +150 -55 to +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering ..............0eeeeee Th 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Repetitive Rating: Pulse width limited by maximum junction temperature 

(see Figure 5). 
2. Vpp = SOV, Starting Ty = +25°C, L = 16MH, Rg = 25N, Peak IL = 6.8A. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number y] 1 56 1 
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Specifications IRFAC40R, IRFAC42R 


Electrical Characteristics @ T, = 25°C (Unless Otherwise Specified) 


Parameter [Type | Min. | Typ. | Max. | Units | Test Conditions 

BVposs Drain-to-Source Breakdown IRFAC40R y Vee SOW In a Gta 

Voltage IRFAC42R sila Mics 
Rosion Static Drain-to-Source IRFAC4OR| — | 097 | 1.2 | are 
On-State Resistance @ IRFAC4Z2R| — | 12 | 16 | pales alien 
Ibm = On-State Drain Current @ IRFAC40R A Vos > Ipion X Rosion) Max. 
IRFAC42R Ves = 10V 

Vestn Gate Threshold Voltage ALL eo 1 — | ao | vi} Vos = Ves, Ip = 250uA 

Dts Forward Transconductance © | atl | 47 | 70 | — | S(U) | Vos = 5O0V, los = 3.4A 

Inss Zero Gate Voltage ALL | — | — | 250 | A |Vos = Max. Rating, Ves = OV 

Drain Current | — [| — | 1000 | “ [| Vos = 0.8 x Max. Rating, Ves = OV, Ty = 125°C 
lass _ Gate-to-Source Leakage Forward | ALL | — | — | 100 Ves = 20V 

lass Gate-to-Source Leakage Reverse | ALL | — | — | -100 | nA_ | Vos=-20V 

Q, Total Gate Charge Pan — | 4 | 60 | nC | Veo=10V, = 628 
Vos = 0.8 x Max. Ratin 

Qs Gate-to-Source Charge aun — | 55 | — | nc_| Yes; 08x 9 

Qoa Gate-to-Drain (“Miller”) Charge | ALL | — | 20 |, — | nc | (Independent of operating temperature) 

taon) _ Turn-On Delay Time Fate | — | 13° | 20 | ns | Voo =300V, In = 6.2A, Re = 9.10 

[ts RiseTime | AL S| — =| 18 | 7 | ns_| Ro= 470 

taom _ Turn-Off Delay Time | au | — | 55 | 83 | ns _| SeeFig. 15 

tr Fall Time | atu | — | 20 | 30 | ns | (Independent of operating temperature) 

Lo Internal Drain Inductance ALL 5.0 nH | Measured fromthe | Modified MOSFET 
drain lead, 6mm (0.25) symbol showing the 
in.) from package to | internal inductances. 
center of die. 

Ls Internal Source Inductance ALL 13 nH | Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 

Ciss Input Capacitance F ALL | — | 1300 | — | pF | Ves=OV, Vos = 25V 

Cour Output Capacitance Pac | — | 160 | — | pF_| f= 1.0MHe 

Crs Reverse Transfer Capacitance | ALL | — | 30 | — | pF | SeeFig. 10 

Rowe _Junction-to-Case Tac [-[—-|mwpow> SS 

Rincs Case-to-Sink | ALL | — | 012 | — |°ecw, Mounting surface flat, smooth, and greased 

Ria Junction-to-Ambient | ALL | — | — | 30 | °C/W | Typical-socket mount 

Source-Drain Diode Ratings and Characteristics 
| Parameter | Type | Min. | Typ. | Max. | Units | Test Conditions 
Is Continuous Source Current ALL 6.2 A Modified MOSFET symbol showing 
(Body Diode) the integral Reverse p-n 
Is Pulse Source Current junction rectifer. : 
(Body Diode) ® pa | = | le ie 

Vso Diode Forward Voltage @ | AL | — | — | 15 | V_ | Ts)=25°G, Is =6.2A, Ves = OV 

tr Reverse Recovery Time | ALL | 200 | 450 | 940 | ns_ | Ts = 25°C, Ir =6.2A, di/dt = 100A/us 

Qaa Reverse Recovery Charge 

ton ___ Forward Turn-on Time 

@ Repetitive Rating: Pulse width limited @ @ Vop = SOV, Starting Ty = 25°C, @ Pulse width < 300us; Duty Cycle < 2% 
by maximum junction temperature (see L = 16mMH, Re =252, 

figure 5). Peak I. = 6.8A 
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Ip, ORAIN CURRENT (AMPERES) 
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Fig. 1 - Typical Output Characteristics Fig. 2 - Typical Transfer Characteristics 
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Fig. 5 - Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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TRANSCONDUCTANCE (SIEMENS) 


IRFAC40R, IRFAC42R 


Vos = 100V 
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Fig. 6 - Typical Transconductance Vs. Drain Current 
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Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage 
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Ipq. REVERSE ORAIN CURRENT (AMPERES) 
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Fig. 7 - Typical Source-Drain Diode Forward Voltage 
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Fig. 9 - Normalized On-Resistance Vs. Temperature 
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Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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Fig. 15a - Switching Time Test Circuit Fig. 15b - Switching Time Waveforms 
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IRFAC40R, IRFAC42R 
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Fig. 16a - Basic Gate Charge Waveform 
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Fib. 16b - Gate Charge Test Circuit 


i HARRIS IRFBC40R 
IRFBC42R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated 


Features Package 
e 6.2A and 5.4A, 600V 
® rDS(on) = 1.2 and 1.62 


TO-220AB 
TOP VIEW 


e Repetitive Avalanche Ratings 


DRAIN 4 
E———— 
¢ Simple Drive Requirements (FLANGE) te 
e Ease of Paralleling | : $< GATE 


Description 


The IRFBC40R and IRFBC42R are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement-mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor N-CHANNEL ENHANCEMENT MODE 
drivers, relay drivers, and drivers for high-power bipolar 

switching transistors requiring high speed and low gate-drive D 

power. These types can be operated directly from integrated 

circuits. 


The IRFAC types are supplied in the JEDEC TO-220AB steel 
package. G 


Terminal Diagram 


N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


iIRFBC40R IRFBC42R UNITS 

Continuous Drain Current 

TG FEISS ven siwsd beeen gn ob 20 ee ha DOnsaeresdaratsewes Ip 6.2 5.4 A 

TG S400, f6 seis ce weteiws cee sie ns nee newer ne sew ine es Ip 3.9 3.4 A 
Pulsed Drain Cument(1) s2acccesescccesecs bus ceanesnesca wens lDoM 25 22 A 
CIP" SOUIGS VONAOe ia cs nie cde ne ese ans ane aab eer ean nseres Vas +20 +20 V 
Maximum Power Dissipation 

TO 2 FBS S ios cesses deveceas enters ous ad swe Hes Os cem O ew ane ws Po 125 125 W 
Linear Derativig Factots< 2. csiscccs cas acsas secseatetadiee ves vax 1.0 1.0 W/°C 
Single Pulse Avalanche Energy Rating (2) (see Figure 14)....... Eas 570 570 mJ 
Operating and Storage Junction ........ 0... cece eee eee Ty, TSTG -55 to +150 -55 to +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering ............0eeeeeee TL 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Repetitive Rating: Pulse width limited by maximum junction temperature 

(see Figure 5). 
2. Vop = SCY, Starting Ty = +25°C, L = 16mH, Rg = 25N, Peak |, = 6.8A. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 91 57 1 


Copyright © Harris Corporation 1991 
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Specifications IRFBC40R, IRFBC42R | 


Electrical Cheracteristics @ T, = 25°C (Uniess Otherwise Specified) 


Parenter «type | Min. | Typ | Max [Unis | ‘Test Conditions 


tuen Turn-Off Delay Time 
tr Fall Time 


Lo Internal Drain Inductance 


BVoss Drain-to-Source Breakdown » | 200 beatind 
Voltage IRFBC42R ee doliaie 
Rosion’ Static Drain-to-Source Tle 2) a 7 ee a rrr 
On-State Resistance @ IRFBC42R| — | 12 | 16 | a eee ee 
Inion) + On-State Drain Current @ IRFBC40R| 6.2 _| a | Vos > loro X Roston Max. 
IRFBC42R| 5.4 | Vas = 10V 
Vase Gate Threshold Voltage ALL | 20[ — | 40 | V_| Vos Ven lo= 258 
gn Forward Transconductance@ | ALL__—| 47 | 70 | — | Siu) 
loss Zero Gate Voltage eS . 
Drain Current | — | — [1000 | ™* [ Vos=0.8x Max. Rating, Ves = OV, Ty = 125°C 
lass Gato-to-Source Leakage Forward | ALL | — | — [500 [nA |Ve=av 
lass | Gate-to-Source Leakage Reverse | ALL [| — | — | -500 | nA | Vas =-20V 
Q, Total Gate Charge | ALL {| — | 40 | 60 | nC | Ves=10V, In =6.2A 
Vos = 0.7 Rati 
Qu Gate-to-Source Charge ALL | — | 55 | — [onc | ses Eal Max Mating 
Qgs  Gate-to-Drain (‘Miller’) Charge | — | 20 | — | 
tation) Turn-On Delay Time Fae | 


in.) from package to 
center of die. 


Ls Internal Source Inductance . Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 
Ves = OV, Vos = 25V 
f = 1.0 MHz 


‘See Fig. 10 


| — | 0.50 _ Mounting surface flat, smooth, and greased 
PF — | — | Typical-socket mount 
Source-Drain Diode Ratings and Characteristics 
| Parameter | Type | Min. | Typ. | Max. | Units | Test Conditions 
Is Continuous Source Current ALL A Modified MOSFET symbol showing : 
(Body Diode) the integral Reverse p-n 
lsu Pulse Source Current junction rectifier. G 
Body Diode) ® oe ie 
so _ Diode Forward Voltage @ | atl | — | — | 15 | V_ | Ts=25°G, Is =6.2A, Ves = OV 
PALL | 200 


Vv 
cit 39 een 
ic [1s [ss | so | uc 


ton 


Forward Turn-on Time ALL Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lo. 


@® Repetitive Rating: Pulse width limited @ @ Von = 5OV, Starting Ty = 25°C, @Pulse width < 300us; Duty Cycle < 2% 
by maximum junction temperature (see L = 16mH, Re = 250, 
figure 5). Peak I. = 6.8A 
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Ip. ORAIN CURRENT (AMPERES) 


Ip. ORAIN CURRENT (AMPERES) 


IRFBC40R, IRFBC42R 


v 


80-~s PULSE TEST ee 


=, : 
TT 
yf 
a 
= 
—] 


Ip. ORAIN CURRENT (AMPERES) 


60 120 180 240 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical Output Characteristics Fig. 2 - Typical Transfer Characteristics 


ae ind Toh 
OPERATION IN THIS AREA LIMITED 
a i BY Rps(ON) | | UT CTY 


102 


” 

tu 
a 
2% 
=O 
c= 
i 
9 
=z 
re) 
o. 


aaaran CACO 


NUNN -Ht 
Ser i 
ET SN 19 me — +H 


Ip, DRAIN CURRENT (AMPERES) 


Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92CS-43119 


Fig. 3 - Typical Saturation Characteristics Fig. 4 - Maximum Safe Operating Area 
O —F — 
a ae SE 
f , fo 
= 

7 ——= 
FS 
50.1 
7) 
W et 

= - PU t 
2 10 2 eee lalate FINE E AP iipace NOTES: ° 
= 1. DUTY FACTOR, D=t,/to 
ee -4 -3 -2 

10 10 10 10 0.4 | 10 


t,. RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 - Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRFBC40R, IRFBC42R 


Vos > 100V 
BOps PULSE TEST 


(SIEMENS) 


TRANSCONOUCT ANCE 
Ippn. REVERSE ORAIN CURRENT (AMPERES) 


Ip, ORAIN CURRENT (AMPERES) Vop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical Transconductance Vs. Drain Current Fig. 7 - Typical Source-Drain Diode Forward Voltage 


1.25 3.0 
Ww WwW 
oO oO 
< Zz 
Lg < 
3 oD 
> al 2.8 

1.45 = 
Zz uJ 
z a 
ie) 
ia) z 
¥ oe) 
f 21.05 Ww =1.8 
a Sx 
wy Oy 
Og YW J 
cz 1 << 
8S ae oz 
» 30.95 1 o1.2 
|~— zz 
fe) a 
7 - F: 
: ae a 
< 
_— SEeReee | s 
mH) = 
n wo 
e) (=) 
> isd 
-60 -40 -20 0 20 40 60 80 100 120 140 160 “=60 -40 -20 0 20 40 60 80 100 120 140 160 
Ty. JUNCTION TEMPERATURE ( °C) Ty. JUNCTION TEMPERATURE ( °C) 
Fig. 8 - Breakdown Voltage Vs. Temperature Fig. 9 - Normalized On-Resistance Vs. Temperature 


Ves = OV, f = 1MHz 
= Cgg + Cg. Cys SHORTED 


OB 
— 
| 
j=) 
= 
_ Ww 
ue oO 
a <= 
— ae 
Ww =) 
O > 
Zz 
< uJ 
— oO 
— jeq 
O > 
< oO 
a wn 
<a | 
oO jo) 
— 
G Ww 
—_ 
<= 
o 
B 
> FOR TEST CIRCUIT 
SEE FIGURE 16 
1 2 s 10 2 5 102 0 {2 24 36 48 60 
Vqg. DRAIN-TO-SOURCE VULTAGE (VOLTS) Gg. TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 


4-380 


IRFBC40R, IRFBC42R 


uJ 
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rs 
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— 
| OC 
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laa re 
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oO = 
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rs) ed a 
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< m IRFBC42R SSS 
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ep) 
OQ 
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0. : 0 
0 6 12 i6 24 30 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) To, CASE TEMPERATURE (°C) 
Fig. 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 


VARY 'p TO OBTAIN 
REQUIRED PEAK I 


"es . ~ TRL 
'p 


N-CHANNEL 
POWER MOSFETs 


300 


Eas. SINGLE PULSE AVALANCHE ENERGY (mJ) 


OS 50 75 100 125 150 
STARTING T,, JUNCTION TEMPERATURE ( °c) 


Fig. 14b - Unclamped Inductive Waveforms Fig. 14c - Maximum Avalanche Energy Vs. Starting 
Junction Temperature 


Ro 
Vos + 
OuT Voo 
Rg ~ 
VGs = 10V | | | 
PULSE WIOTH < 1 us 
OUTY FACTOR <0 1% 
Fig. 15a - Switching Time Test Circuit Fig. 15b - Switching Time Waveforms 
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IRFBC4O0R, IRFBC42R 


GATE 
VOLTAGE 


a 


CHARGE 


Fig. 16a - Basic Gate Charge Waveform 
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ING SAMPLING 
RESISTOR RESISTOR 


Fig. 16b - Gate Charge Test Circuit 


i HARRIS IRFD110/111/112/113 
IRFD110R/111R/112R/113R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
© 1A and 0.8A, 80V - 100V 
* DS(on) = 0.62 and 0.82 


4-PIN DIP 
TOP VIEW 


® Single Pulse Avalanche Energy Rated* SOURCE 
e SOA is Power-Dissipation Limited DRAIN 

e Nanosecond Switching Speeds GATE 

© Linear Transfer Characteristics 


® High Input Impedance 


Description 


The IRFD110, IRFD111, IRFD112, and IRFD113 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 

transistors. IRFD110R, IRFD111R, IRFD112R, and IRFD113R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 

guaranteed to withstand a specified level of energy in the e 
breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors G 

requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


" 
th 
a 
> aL) 
=O 
== 

c 
35 
re) 
a. 


The IRFD types are supplied in the 4-pin dual-in-line plastic Ss 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFD110 IRFD111 IRFD112 IRFD113 
IRFD110R JIRFD111R IRFO112R~ = IRFD113R UNITS 


Drain-Source Voltage (1) i0sicvscsecccre vee ves ove vse Vos 100 80 100 80 Vv 
Drain-Gate Voltage (RGS = 20K) (1)........... 00 ee VDGR 100 80 100 80 Vv 
Continuous Drain Current 
TE BFS ca scscsartaeesietesnesratectvesea sieves Ip 1.0 1.0 0.8 0.8 A 
Pulsed Drain GUmrent.... 6s cccsarccrwes can asesenesabiens IDM 8.0 8.0 6.4 6.4 A 
SBIS“SOUrCe VONSGE 20 vee ct cas cseersne neenieaeees we Ves +20 +20 +20 +20 Vv 
Maximum Power Dissipation 
TG = 428°C (Seo FIQUrS 19) as sccsccssarcsenasaageeas Pp 1.0 1.0 1.0 1.0 W 
Linear Derating Factor (See Figure 13) ..............e eee 0.008 0.008 0.008 0.008 W/°C 
Inductive Current, Clamped ..........ccccccccceccavces ILM 8.0 8.0 6.4 6.4 A 
(See Figure 14, L = 100yuH) 
Single Pulse Avalanche Energy Rating (3).............. Eas* 19 19 19 19 mJ 
Operating and Storage Junction .............e eee Ty Tstqg -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1.Ty = +25°C to +150°C. 3. Vop = 25V, starting Ty = +25°C, L = 28.5mH, Res = 25N, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEAK = LON, See Figure 16, 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2 31 4 1 
Copyright © Harris Corporation 1991 . 
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IRFD110, IRFD111, IRFD112, IRFD113 IRFD110R, IRFD1117R, IRFD112R, IRFD113R 


Electrical Characteristics Tc = +25°0C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_ | VGs=OV, Ip = 250pA 
IRFD110/112, IRFD110R/112R 


IRFD111/113, 1IRFD111R/113R 


a a 
[Gate ThresholdVoktage | Vestry [Vos=Vas.Ip=2500a——S~—~iCS | dT | 
[Gate-Source LeakageFoward | Iss _[Vas=20V_——SCS dT YY 500 
[Gate-Source Leakage Reverse | Ioss_|Vas=-20V.——=—S—S ~*~ 800 | 


Zero Gate Voltage Drain Current 


Sa a uns. 


Vps = Max Rating, Vas = OV = [= [250 [na 


Vps = Max Rating x 0.8, Vgs = OV, 1000 pA 
Ty = +1259C 


On-State Drain Current (Note 2) ID(ON) | YDS > '!D(ON) X (DS(ON) Max, Ves = 10V 
IRFD110/111,IRFD110R/111R 


IRFD112/113, IRFD112R/113R 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 0 
Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


VGs = 10V, Ip = 1.0A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Static Drain-Source On-State 'DS(ON) | VGS = 10V, Ip = 0.8A 
Resistance (Note 2) 

IRFD110/111,1RFD110R/111R 

IRFD 112/113, IRFD112R/113R | = | | 0.8 | 
Forward Transconductance (Note 2) | gfs__| Vps > ID(ON) X (DS(ON) Max: !p = 0.8A | 08 | 12 | - | SW) 
Input Capacitance Ciss__ | Vas = OV, Vps = 25V, f = 1.0MHz fF = | fo 
Output Capacitance Coss__ | See Figure 10 | =| | = | 
Reverse Transfer Capacitance Crss | =| | - | p 
Turn-On Delay Time | tq(on) |Vpp~0.5BVpss,'Ip=1.0A,RG=9.12 | - | | 20 | 
Rise Time t See Figure 16. (MOSFET switching times 
teak Le ttl cae enpehy ig Ao | 25 
Turn-Off Delay Time td(OFF)_| temperature) | | 25 
Fall Time i es oe 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from 
the drain lead, 
2.0mm (0.08 in.) 
from package 
to center of 

die. 
Measured from the 
source lead, 2.0mm 
(0.08”) from 
package to source 
bonding pad. 


Tunotion-to- Ambien Pau 


Internal Source Inductance 


a 
” 


cr 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Is 
Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 


Ss 
Diode Forward Voltage (Note 2) Ty = +250C, Ig = 1.0A, Vag = OV Fo o- ff - | 
Reverse Recovery Time Ty = +1509C, IF = 1.0A, dif/dt = 100A/ys 
Reverse Recovered Charge | QrrR_ | Ty=+15009C, Ip = 1.0A, dig/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 
1. Ty = +25°C to +150°C 3. Vpop = 25V, starting Ty = +25°C, L = 28.5mH, Rgs = 252, Ipeak = 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 1.0A. (See Figure 15.) 
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IRFD110, IRFD111, IRFD112, IRFD113° IRFD110R, IRFD111R, IRFD1 12R, IRFD113R 


5.0 


80 us PULSE TEST 


ERR 
Pt | eet UF | 
Saas |, 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


bod! 
ERE ARE 
Lili Att | 


0 10 20 30 40 50 10 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) . GATE. i. SOURCE es eo 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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Ip, DRAIN CURRENT (AMPERES) 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) ° Vide DRAIN to source VOL TAGEC VOLTS) 


Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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Gf, TRANSCONDUCTANCE (SIEMENS) 
Ipr. REVERSE DRAIN CURRENT (AMPERES) 


A 
0 O02 O4 O06 O8 10 12 #14 #«=+16 £418 «20 
Ip, ORAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 5 — Typical Transconductance Vs. Drain Current Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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IRFD110, IRFD111, IRFD112, IRFD113 IRFD110R, IRFD111R, IRFD112R, IRFD113R 


BV jgg ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
RpS(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


~ -60 100 120 140 100 120 140 
_ JUNCTION TEMPERATURE —e ” ‘ein scadtearie - 


Fig. 7 — Breakdown Voltage Vs. Temperature Fig. 8 — Normalized On-Resistance Vs. Temperature 


any JAE 
I ' 

Vos = a7, iy 4s 

WI. Y/ 


200 


C, CAPACITANCE (pF) 


Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Oi ean caer ees: FOR TEST CIRCUIT 
— Cn i a la SEE FIGURE 17 
Sitics=, mick lt 
0 20 30 40 50 
bs DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qy, TOTAL GATE CHARGE (nC) 


Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 


nN 
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S EFFECT OF 2.0 ws PULSE IS MINIMAL.) — ~ e 
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% = IRFD112, Lo . | 
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Fig. 11 — Typical On-Resistance Vs. Drain Current Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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IRFD110, IRFD111, IRFD112, IRFD113 IRFD110R, IRFD111R, IRFD112R, IRFD113R 


Pp, POWER DISSIPATION (WATTS) 


0 
0 20 40 60 80 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) 


Fig. 13 - Power Vs. Temperature Derating Curve 
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REQUIRED PEAK I 
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E, = 0.5 BVpss Ec= 0.75 BVpss 


Fig. 14a - Clamped Inductive Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
— TYPE 
12V |0.2 AS DUT 
Rp BATTERY ‘al 


DUT 


ff Re +: 


PULSE WIDTH < 14S ; [ i | 1.5mA 


DUTY FACTOR < 0.1% -Vos 
IgG CURRENT — Ip CURRENT 
SAMPLING RESISTOR “~ SAMPLING RESISTOR 
Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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i HARRIS IRFD120/121/122/123 
IRFD120R/121R/122R/123R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
¢ 1.3A and 1.1A, 80V - 100V 
* (DS(on) = 9.302 and 0.402 


4-PIN DIP 
TOP VIEW 


e Single Pulse Avalanche Energy Rated* SOURCE 
e SOA is Power-Dissipation Limited DRAIN 

e Nanosecond Switching Speeds GATE 

e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRFD120, IRFD121, IRFD122, and IRFD123 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 


transistors. IRFD120R, IRFD121R, IRFD122R, and IRFD123R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the D 


breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


The IRFD types are supplied in the 4-pin dual-in-line plastic Ss 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFD120 IRFD121 IRFD122 IRFD123 
IRFD120R IRFD121R # £IRFD122R IRFD123R UNITS 

Drain-Source Voliage (1) scascscscccwntscwswsennewnsn Vos 100 80 100 80 Vv 
Drain-Gate Voltage (RG@sS = 20K12) (1)... ... cece eee eee VDGR 100 80 100 80 V 
Continuous Drain Current 

To FSO ce cnausnseuceavesesenennened nee nenna nes Ip 1.3 1.3 ‘Le 1.1 A 
Pulesd Drain Curent cies csccewcsoncensivessseusnsans IDM 5.2 5.2 4.4 4.4 A 
CARI SOUICS VONAGE seve cescesans ave ssaancewadenes Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

To = +259C (See Figure 13) ....... ccc ceeccececcceece Pp 1.0 1.0 1.0 1.0 W 
Linear Derating Factor (See Figure 13) ...............0008- 0.008 0.008 0.008 0.008 W/°C 
Inductive Current, Clamped .............seceevees cea on IL 5.2 5.2 4.4 4.4 A 

(See Figure 14, L = 100y1H) 
Single Pulse Avalanche Energy Rating (3).............. Eas” 36 36 36 36 mJ 
Operating and Storage Junction .............e eee Ty TSTG ~55to+150 -55to+150 -55to+150 -55to +150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1.Ty= +25°C to +150°C. 3. Vpop = 25V, starting Ty = +25°C, L = 32mH, Res = 250, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEAK © 0A. Sad ree Ae: 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2315.1 
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IRFD120, IRFD121, IRFD122, IRFD123 IRFD120R, IRFD121R, IRFD122R, IRFD123R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_ | Vq@s=OV, Ip = 250ynA 
100 Vv 
ae oe 


IRFD120/1 22, IRFD120R/122R 

IRFD121/123, IRFD121R/123R 
[Gate ThresholdVoltage | Vasqrm [Vos=Vas p= 250A ———=SC~=~“—~iC | - ~CdT T 
[Gate-SourceLeakageFoward | Igss |Vas=20V_————S—SCS S| | 500 | 


nA 
nA 


Gate-Source Leakage Reverse less. | Vag =-20V | - | - | -500 | nA | 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vgg = OV i ee eee 
Vps = Max Rating x 0.8, Vas = OV, 1000 uA 
To = +1259C 
On-State Drain Current (Note 2) 
IRFD120/121, IRFD120R/121R 1.3 A 
IAFD 122/123, IRFD122R/123R Re 
Static Drain-Source On-State 
Resistance (Note 2) 
IRFD120/121, IRFD120R/121R 0.30 c@) 
IRFD 122/123, IRFD122R/123R a Es 
Forward Transconductance (Note 2) Vps > ID(ON) X 'DS(ON) Max: !p = 0.64 | o9 {| 10 | - | SY) 
Input Capacitance Ciss___| Vas = OV, Vps = 25V, f = 1.0MHz | = | 450 | - | pF 
Output Capacitance Coss _| Se Figures es ee a 
Reverse Transfer Capacitance Crss | = | 50 | - | pF i 
Turn-On Delay Time Yoo=OsBVpss.ip=tsARa=aia [= [20 [40 [ns c 
a I eticislecionon dunt of asoratin ee ee ee tu 
i entially p of operating wal ie 
Turn-Off Delay Time td(OFF)_| temperature) | > | 50 | 100 | ns _ = rT) 
Fall Time | te p= | 35 | 70 | ns ZO 
Total Gate Charge VGs = 10V, Ip = 1.3A, Vpg = 0.8 Max <= 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. oO 7 
Gate-Source Charge ; (Gate charge is essentially independent of 
~ - 2 | gs _| operating temperature.) ae ES 
Gate-Drain (‘Miller’) Charge | Qgq | o 
Internal Drain Inductance a Measured from Modified MOSFET 
the drain lead, symbol showing the 
2.0mm (0.08 in.) internal device 
from package inductances. 
to center of 
die. 


Measured from the 
source lead, 2.0mm 
(0.08”) from 
package to source 
bonding pad. 


Internal Source Inductance 


Source Drain Diode Ratings and Characteristics 


Pulse Source Current integral reverse 


(Body Diode) (Note 3) P-N junc. rectifier. 


Continuous Source Current Is Modified MOSFET D 
(Body Diode) symbol showing the 
G 
Ss 


Reverse Recovery Time 
Reverse Recovered Charge 


Forward Turn-on Time 


Ty = +1500C, If = 1.3A, diF/dt = 100A/us 
Ty = +1500, Ip = 1.3A, dif/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


Diode Forward Voltage (Note 2) Tj = +25°C, Ig = 1.3A, Vag = OV 


NOTES: 
1. Ty = +25°C to +150°C 3. Vop = 25V, starting Ty = +25°C, L = 32mH, Rgs = 250, IpeaK = 1.3A. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% (See Figure 15.) 
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IRFD120, IRFD121, IRFD122, IRFD123 IRFD120R, IRFD1217R, IRFD122R, IRFD123R 


20 


cae 
] $1 + 


Ip, DRAIN CURRENT (AMPERES) 
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Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 — Typical Output Characteristics 
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Vps. DRAIN. TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 
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Fig. 5 — Typical Transconductance Vs. Drain Current 
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Fig. 2 — Typical Transfer Characteristics 
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Fig. 4 — Maximum Safe Operating Area 
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Fig. 6 — Typical Source-Drain Diode Forward Voltage 


IRFD120, IRFD121, IRFD122, IRFD123 IRFD120R, IRFD121R, IRFD122R, IRFD123R 


1.25 


BV pss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rps(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0 40 80 


0.75 
-40 120 160 
Ty, JUNCTION TEMPERATURE (9C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 7 — Breakdown Voltage Vs. Temperature Fig. 8 — Normalized On-Resistance Vs. Temperature 


| | 
Cis = Cog + Cog, Cyy SHORTED 
Coss = Cog 


Coe C 
Com Cart ee 


N-CHANNEL 
POWER MOSFETs 


C, CAPACITANCE (pF) 


Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 


(eee 
\Gls.--— 


La | 
SEE FIGURE 17 
ees tees ee esis es | 
0 10 20 30 40 50 0 4 8 12 16 20 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy, TOTAL GATE CHARGE (nC) 
Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 


IRFD120,121 | 
IRFD120R, 120R 


IRFO122, 123 
IRFOD122R, 123R 


Ip. ORAIN CURRENT (AMPERES) 


Ros(on)) DRAIN TO-SOURCE ON RESISTANCE (OHMS) 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


0 10 20 30 40 
Ip, ORAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Fig. 11 — Typical On-Resistance Vs. Drain Current Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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IRFD120, IRFD121, IRFD122, IRFD123 IRFD120R, IRFD121R, IRFD122R, IRFD123R 


Renya = 120 °C/W - 


Pp. POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) 


Fig. 13 - Power Vs. Temperature Derating Curve 
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VARY tp TO OBTAIN 
REQUIRED PEAK I 


orb] 
Vgs= 10V 
tp 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


tp 
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Res 


E,= 0.5BVpss Ec= 0.75BVpss 


Fig. 14a - Clamped Inductive Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
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CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
si 12V 02 AS DUT 
D BATTERY '# 
sli 


Vos 
DUT 


I Rg + 
Vas= 34 | ~ Yop 
PULSE WIDTH < 11S | | {15m 
: _ -Vps 


DUTY FACTOR < 0.1% 
Iq CURRENT —L- Ip CURRENT 
= SAMPLING RESISTOR — SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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Features 

© 0.4A and 0.5A, 6O0V - 100V 

* (DS(on) = 2-42 and 3.20 

© SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


IRFD1Z0, IRFD1Z1 
IRFD12Z2, IRFD1Z3 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
4-PIN DIP 
TOP VIEW 


SOURCE 
DRAIN 


GATE 


e High Input Impedance 


e Majority Carrier Device 


Description 
The IRFD1Z0, IRFD12Z1, IRFD122, and IRFD123 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 
transistors designed for applications such as switching regula- N-CHANNEL ENHANCEMENT MODE = 
tors, switching converters, motor drivers, relay drivers, and foes 
drivers for high-power bipolar switching transistors requiring D 7 7 
high speed and low gate-drive power. These types can be a 8 
operated directly from integrated circuits. a s 
—T , < 
The IRFD types are supplied in the 4-pin DIP package. S) i 
G zs 
Oo 
Ou 
S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFD1Z0 IRFD121 IRFD12Z2 IRFD1Z3 UNITS 
Drain-Source Voltage (1) ccccsacccevcancs waa une ws naes Vpbs 100 60 100 60 V 
Drain-Gate Voltage (RGs = 20K22) (1)... 2. ec eee cenen VDGR 100 60 100 60 V 
Continuous Drain Current 
TG = 42896 2 ctscscrsdacneneaten versa nes eas ced awwee Ip 0.5 0.5 0.4 0.4 A 
Pulsed Drain Current... 0 .eccncrecnstsansdace taancns IDM 4.0 4.0 3.2 3.2 A 
GEIE“SOUCE VONEGE cin scsceccaeesendusend san ceeens Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
T= 425°C (S66 FIG<htG 13) ccsncencwsasns tes cantatas Pp 1.0 1.0 1.0 1.0 W 
Linear Derating Factor (See Figure 13) .......... cece ee eee 0.008 0.008 0.008 0.008 W/°C 
inductive Current, Clamped «6 is sscd0 sas cvsan nee nna owes ILM 4.0 4.0 3.2 3.2 A 
(See Figures 14 and 15, L 100uH) 
Operating and Storage Junction ............. eee Ty, TSTG -55to+150 -55to+150 -55to+150 -55t0 +150 ie 
Temperature Range 
Maximum Lead Temperature for Soldering............... Th 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 231 3 
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Specifications IRFD1Z0, IRFD1Z1, IRFD12Z2, IRFD1Z3 


Electrical Characteristics @T¢ = 25°C das Otherwise Specified) 


BVpss__ Drain - Source Breakdown Voltage IRFD1ZO, 2| 
eed 


VGS(th) Gate Threshold Voltage = Vgs. Ip = 250pA 
lass Gate - Source Leakage Forward Ves = 20V 
Igss Gate - Source Leakage Reverse = -20V 


Ipss __—— Zero Gate Voltage Drain Current = Max. Rating, Vgg = 

Vps = Max. Rating x 0.8, or OV, Tc = 125°C 
ID(on) On-State Drain Current @ 
aaa ces Se = ee a 


RDS(on) Static Drain-Source On-State IRFD1ZO. 1 2.2 2.4 
eel jwrowo] - [22] 24 | @ | | sovip 0.25 


imeovzas| — [20] a2] a 
arg Forward Transconductance@ | Aut [028 [035] — | St) | Vos) pion *RoSion manly = 025A 
[Cigg laput Copacitonce «dT ALY — 1 80) — | oF | ye ov vpn = a5vit = 1.0mm 
[Coss Output Capacitance Sd ALT fof — | or | oo 
[rss Reverse Transfer Capacitance | au | - [50] — | oF | 
Piety Twnor oaeytine | aut [Tis [25 [ns] tmosrer swtching nes ar ston 


Qg Total Gate Charge 20 3.0 Ves = 10V, Ip = 1.2A, Vos = 0.8 Max. Rating. 
(Gate-Source Plus Gate-Drain) See Fig. 17 for test circuit. (Gate charge is essentially 
indevendent of operating temperature.) 


Lp Internal Drain Inductance ALL 4.0 nH Measure from the Modified MOSFET 
drain lead, 2.0mm symbol showing the 
(0.08 in.) from internal device 
package to center of inductances. 
die. 

Ls Internal Source Inductance ALL nH Measured from the 
source lead, 2.0mm 
(0.08 in.) from 
package to source 
bonding pad. 


Thermal Resistance 


Source-Drain Diode Ratings and Characteristics 


(Body Diode) meal 
IRFD1Z2, 3 
(Body Diode) 
Cc EE 
Vsp _ Diode Forward Voltage @ inFD1z0,1] — | — | 14 [ Vv | = 25°C, Ig = 0.5A, Vag = OV 
paroize.of — } — fis fv = 25°C, Is = 0.4A, Vgg = OV 
Tey Reverse Recovery Time ——=«T:~«AL =< ~— ~| 100] — | TAS ISOC = O.6A, deat = 100A 


Gran Reverse Recovered Charge an | — [o2[ — | ne | ty = 180°C, Ip = 0.5A, dipidt = 100A/us 
ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


@Ty = 25°C to 150°C. @ Pulse Test: Pulse width < 300yus, Duty Cycle < 2%. 


Modified MOSFET symbol 
showing the integral 0 
reverse P-N junction rectifier. 
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IRFD1Z0, IRFD12Z1, IRFD12Z2, IRFD1Z3 
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Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 — Typical Output Characteristics 
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Fig. 3 — Typical Saturation Characteristics 
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Fig. 5 — Typical Transconductance Vs. Drain Current 
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Fig. 2 — Typical Transfer Characteristics 
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Fig. 4 — Maximum Safe Operating Area 
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Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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IRFD1Z0, IRFD12Z1, IRFD122, IRFD1Z3 


BV pss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


40 80 
Ty, JUNCTION TEMPERATURE (°C) 
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Fig. 7 — Breakdown Voltage Vs. Temperature 
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Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Rps(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 1 2 3 4 


Ip, DRAIN CURRENT (AMPERES) 


Fig. 11 — Typical On-Resistance Vs. Drain Current 
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RpS(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


20 16 


Fig. 8 — Normalized On-Resistance Vs. Temperature 
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FOR TEST CIRCUIT 
SEE FIGURE 17 
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Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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Fig. 12 — Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


IRFD1Z0, IRFD12Z1, IRFD122, IRFD12Z3 


—_ 
oJ 


oe VARY ty TO OBTAIN 


REQUIRED PEAK |, 


DUT 


Ves = 10V ty 
0 20 40 60 80 100 =6120—:140 n 
Ty, AMBIENT TEMPERATURE (°C) E}=05BVpsg Ec = 0.75 BVpss 
Fig. 13 — Power Vs. Temperature Derating Curve Fig. 14 — Clamped Inductive Test Circuit 
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c= 
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Ec GENERATOR 9 TT} 
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Fig. 15 — Clamped Inductive Waveforms Fig. 16 — Switching Time Test Circuit 
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Fig. 17 — Gate Charge Test Circuit 
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IRFD210/211/212/213 


IRFD210R/211R/212R/213R 


August 1991 


Features 

e 0.6A and 0.45A, 150V - 200V 

* TDS(on) = 1.52 and 2.42 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFD210, IRFD211, IRFD212, and IRFD213 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD210R, IRFD211R, IRFD212R, and IRFD213R 
types are advanced power MOSFETs designed, tested, and 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
4-PIN DIP 
TOP VIEW 


SOURCE 
DRAIN 


GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 
The IRFD types are supplied in the 4-pin dual-in-line plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFD210 IRFD211 IRFD212 IRFD213 
IRFD210R IRFD211R IRFD212R IRFD213R UNITS 

Drain-Source Voliage (1) iss sesccssencvescen wenaceses Vos 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20K) (1)....... cece eee VDGR 200 150 200 150 V 
Continuous Drain Current 

Listed RTE PTET TORT ETORTE CEPT EE CET CELET CETTE TE Ip 0.6 0.6 0.45 0.45 A 
Pulsed Drain Current oc cscccsccvecavnws ca cee nenex van we IDM 2.5 25 1.8 1.8 A 
Gete-Bource VOUAGS vies concn cee ba seek aeewen ane wes Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

To = +259C (See Figure 13) 0.060 ccscncncveacn een ax oes Pp 1.0 10 1.0 1.0 WwW 
Linear Derating Factor (See Figure 13) .......... 0. cee ee eee 0.008 0.008 0.008 0.008 W/°C 
Inductive Current, Clamped ............ccseecesccecees ILM 2.5 2.5 1.8 1.8 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (3).............. Eas” 30 30 30 30 mJ 
Operating and Storage Junction .................. Ty, TSTG -55to+150 -55to+150 -55to+150 -55to+150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 °C 


(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Ty = +259C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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3. Vop = 20V, starting Ty = +25°C, L = 112.7mH, Rgs = 50M, 
IPEAK = 2.2A. See Figure 15. 


File Number 


2316.1 


IRFD210, IRFD2171, IRFD212, IRFD213 IRFD210R, IRFD211R, IRFD212R, IRFD2713R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss _ | Vas=OV, Ip = 250uA 
IRFD210/212, IRFD210R/212R 


IRFD211/213, IRFD211R/213R 


Tastienidess —___ Wegua eeieg ee ee 
[Gne-Sowcotesanerowad tess [Vegre0y en oe 
T= 00a 
Zero Gate Voltage Drain Current ae Max Rating, Vag = OV ee ee ee 


Vps = Max Rating x 0.8, Vqs = OV, 1000 
To = +1259C 
A 


VGS = 10V, Ip =0.3A 


On-State Drain Current (Note 2) 
IRFD210/211, IRFD210R/211R 
IRFD212/213, IRFD212R/213R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFD210/211, IRFD210R/211R 


IRFD212/213, IRFD212R/21 — 


- 
) 
a co 


Total Gate Charge See = 10V, Ip = 0.6A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


Gate-Source Charge | Gog | ate charge is essentially independent of 


Oe | erating temperature. 
Gate-Drain (‘Miller’) Charge P " ‘ ) 
Internal Drain Inductance 


DS(ON) 


Vpp =~ 0.5BVpss; Ip = 0.6A, Rg =9.1N 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 

a ae be 


” 
tu 
iy ue 
= WY 
zO 
{c{= 
<= 

Gi 
= 

re) 
a. 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from 
the drain lead, 
2.0mm (0.08 in.) 
from package 

to center of 

die. 

Measured from the 
source lead, 2.0mm 
(0.08”) from 
package to source 
bonding pad. 


Internal Source Inductance 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 

integral reverse 

P-N junc. rectifier. G 


Pulse Source Current 
(Body Diode) 

Diode Forward Voltage (Note 2) | Vsp_ | Ty =+25°C, Ig =0.6A, Vgs = OV SS ee 
Reverse Recovery Time Ty = +150°C, IF =0.6A,dip/dt=100A/us {| - | 290 | - | 

Reverse Recovered Charge | Qrr_ | Ty=+1500C, Ip = 0.6A, dif/dt = 100A/us ————— 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


NOTES: 
1. Ty = +25°C to +150°C 3. Vpp = 20V, starting Ty = +25°C, L = 112.7mH, Reg = 500, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% IPEAK = 2.2A. (See Figure 15.) 
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IRFD210, IRFD211, IRFD212,1RFD213  IRFD270R, IRFD211R, IRFD212R, IRFD213R 
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Fig. 1 — Typical Output Characteristics 
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Ip, DRAIN CURRENT (AMPERES) 


Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 
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Fig. 4 — Maximum Safe Operating Area 
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Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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Fig. 7 — Breakdown Voltage Vs. Temperature Fig. 8 — Normalized On-Resistance Vs. Temperature 
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IRFD210, IRFD211, IRFD212, IRFD213 IRFD210R, IRFD211R, IRFD212R, IRFD213R 


Pp, POWER DISSIPATION (WATTS) 
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Fig. 13 - Power Vs. Temperature Derating Curve 
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Fig. 14a - Clamped Inductive Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
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IRFD220/221/222/223 
IRFD220R/221R/222R/223R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


FARRIS 


ele 


August 1991 


Features 

¢ 0.7A and 0.8A, 150V - 200V 

* (DS(on) = 9.82 and 1.22 

e Single Pulse Avalanche Energy Rated* 
® SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


© High Input Impedance 


Description 
The IRFD220, IRFD221, IRFD222, and IRFD223 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD220R, IRFD221R, IRFD222R, and IRFD223R N-CHANNEL ENHANCEMENT MODE Po 
types are advanced power MOSFETs designed, tested, and rv 
| 
guaranteed to withstand a specified level of energy in the D Ly 
breakdown avalanche mode of operation. All of these power z=38 
= 
MOSFETs are designed for applications such as switching qt = 
regulators, switching converters, motor drivers, relay drivers, j a 
and drivers for high-power bipolar switching transistors G z= 
requiring high speed and low gate-drive power. These types O 
can be operated directly from integrated circuits. a. 
The IRFD types are supplied in the 4-pin dual-in-line plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRFD220 IRFD221 IRFD222 IRFD223 
IRFD220R IRFD221R IRFD222R IRFD223R UNITS 

Drain-Source Voltage (1) ...... ccc cece cece cece ee eeee Vos 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20kK1)(1)....... cece eee ee VDGR 200 150 200 150 V 
Continuous Drain Current 

TE «oc cpu ye uewsinonnamkedanereexreneusdues Ip 0.8 0.8 0.7 0.7 A 
Puls Didi CONGM 6 cc ccccsessceces connec csseewnoaes IDM 6.4 6.4 5.6 5.6 A 
CRIS“SOCS VONEOS -i6 vis ceckdxe ces ceweencnisxcawen Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

To= 25°C (See Figure 19) cncsessvewasavs vessnwewss ro 1.0 1.0 1.0 1.0 W 
Linear Derating Factor (See Figure 13) ............. cece eee 0.008 0.008 0.008 0.008 W/°C 
Inductive Current, GIANG o.066ccececxesxccsnseeew ney ILM 6.4 6.4 5.6 5.6 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (3).............. Eas” 85 85 85 85 mJ 
Operating and Storage JUNCHION ..... cece eee ees Ty, TSTG ~55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering.............6. TE. 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. hand 
Copyright © Harris Corporation 1991 


Package 
4-PIN DIP 
TOP VIEW 


SOURCE 
DRAIN 


GATE 


3. Vop = 25V, starting Ty = +25°C, L = 12.62mH, Rgs = 50M, 
IPEAK = 3.5A. See Figure 15. 


ling procedures should be followed. 
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IRFD220, IRFD2217, IRFD222, IRFD223 IRFD220R, IRFD221R, IRFD222R, IRFD223R 


Electrical Characteristics Tc = +25°0C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS |} MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss__|Va@s= OV, Ip = 250uA 
IRFD220/222, IRFD220R/222R 


IRFD221/223, IRFD221R/223R 


Line cal 
[Gato Trreshold Votage | Vaan, [Vos = Ves, b= 28008 20 fo 
[Gato-Source Leakage rower’ | igs [Veg=20v 00] 
[Geto-SourcotteakageReverse | lass [Vas =-20 200] 
Zero Gate Voltage Drain Current Vps = Max Rating, Veg = OV | = | = | 250 | WA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
To = +1259C 


On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X DS(ON) Max, Vgg = 10V 
IRFD220/221, IRFD220R/221R 
IRFD222/223, IRFD222R/223R 

Static Drain-Source On-State 

Resistance (Note 2) 

IRFD220/221, IRFD220R/221R 


DS(ON) | VGS = 10V, Ip =0.4A 


IRFD 222/223, IRFD222R/223R 
S(U) 
Vas = OV, Vps = 25V, f = 1.0MHz 
See Figure 9 [pF 
pF 
Turn-On Delay Time Vpp = 0.5BVpss¢,; !p = 0.8A, Rg = 9.1N | one 
Rise Time t See Figure 16. (MOSFET switching times 30 
are Sec HWiell ile patdento ape Guns es ee 
Turn-Off Delay Time td(OFF)_| temperature) | 50 {| 100 | ns | 
Fall Time [30 [60 | ns_| 
Total Gate Charge Vas = 10V, Ip = 0.8A, Vps = 0.8 Max 11 15 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
te- h (Gate charge is essentially independent of nC 
Gate-Source Charge eee naan ee ee 
Gate-Drain (‘‘Miller”) Charge ee ee ee ee 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from 
the drain lead, 
2.0mm (0.08 in.) 
from package 
to center of 

die. 
Measured from the 
source lead, 2.0mm 
(0.08”) from 
package to source 
bonding pad. 


Tunotion-to-Case [Free ar operation —————SSOSCSCS~SCSCSY EC 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Internal Drain Inductance 


Internal Source Inductance 


Roc 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) 


ISM 

Diode Forward Voltage (Note 2) Ty = +259C, Is =0.8A, Vgg = OV 

Reverse Recovery Time Ty = +1509C, if = 0.8A, dif/dt = 100A/us 

Reverse Recovered Charge | QrrR_ | Ty=+1509C, Ir = 0.8A, die/dt = 100A/us 

Forward Turn-on Time tONn Intrinsic turn-on time is negligible. Turn-on 

speed is substantially controlled by Lg +Lp. 

NOTES: 
1. Ty = +25°C to +150°C 3. Vop = 25V, starting Ty = +25°C, L = 12.62mH, Rgs = 500, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% IPEAK = 3.5A. (See Figure 15.) 
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IRFD220, IRFD221, IRFD222, IRFD223 IRFD220R, IRFD221R, IRFD222R, IRFD223R 
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Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 


Ty = 150°C Nf, -2 


Gts, TRANSCONDUCTANCE (SIEMENS) 
lpn. REVERSE DRAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 5 — Typical Transconductance Vs. Drain Current Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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IRFD220, IRFD221, IRFD222, IRFD223 IRFD220R, IRFD221R, IRFD222R, IRFD223R 
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Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 


BVpss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
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Tj, JUNCTION TEMPERATURE (°C) Tj, JUNCTION TEMPERATURE (°C) 
Fig. 7 — Breakdown Voltage Vs. Temperature Fig. 8 — Normalized On-Resistance Vs. Temperature 
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Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 


Rpsion) MEASURED WITH CURRENT PULSE OF 02 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 
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Fig. 11 — Typical On-Resistance Vs. Drain Current Fig. 12 — Maximum Drain Current Vs. Case Temperature 


4-406 


IRFD220, IRFD221, [RFD222, IRFD223 IRFD220R, [RFD221R, IRFD222R, IRFD223R 


Pp, POWER DISSIPATION (WATTS) 


Ta, AMBIENT TEMPERATURE (°C) 


Fig. 13 - Power Vs. Temperature Derating Curve 
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Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 


+Vps 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V |0.2 
BATTERY '}F 
a 


vol | 
Ves = 10V 
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Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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IRFD2Z0, IRFD2Z1 
IRFD2Z2, IRFD2Z3 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


a HARRIS 


Features Package 
© 0.30A and 0.32A, 150V - 200V 
* (DS(on) = 5.02 and 6.52 


4-PIN DIP 
TOP VIEW 


© SOA is Power-Dissipation Limited SOURCE 
e Nanosecond Switching Speeds DRAIN 

e Linear Transfer Characteristics GATE 

e High Input Impedance 


e Majority Carrier Device 


Description 


The IRFD2Z0, IRFD2Z1, IRFD2Z2, and IRFD2Z3 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 


transistors designed for applications such as switching regula- N-CHANNEL ENHANCEMENT MODE 
tors, switching converters, motor drivers, relay drivers, and 
drivers for high-power bipolar switching transistors requiring D 


high speed and low gate-drive power. These types can be 
operated directly from integrated circuits. 


The IRFD types are supplied in the 4-pin DIP package. 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFD2Z0 IRFD221 IRFD2Z2 IRFD2Z3 UNITS 

Drain-Source Voltage (1) cccsca xe cxvecevevea veene cues Vpbs 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20kK2) (1). ... 6... eee eee VDGR 200 150 200 150 V 
Continuous Drain Current 

Te SH octane cenvensne smendsstinwanectide naanes Ip 0.32 0.32 0.30 0.30 A 
Pulsed Drain Curent « ...csaccascavenws canes sea as caees IDM 15 1S 1.4 1.4 A 
SRtS-SOUES VONAGS can sue cnn ned nner ennns ous o0daes Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

Tey = +:259C (See Figure 13) 4 is cccsesusnan ved seawaess Pp 1.0 1.0 1.0 1.0 W 
Linear Derating Factor (See Figure 13) ................008- 0.008 0.008 0.008 0.008 W/°C 
Inductive Current, Clamped (3) .......... cece eee e eee ILM 15 is 1.4 1.4 A 
Operating and Storage Junction ..............008. Ty Tstqg ~55to+150 -55to+150 -55to+150 -55to +150 id @ 

Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 °C 


(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Ty = +25°C to +1509C. 

2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 
3 See Figures 14 and 15. L = 100uH 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFD2Z0, IRFD22Z1, IRFD2Z2, IRFD2Z3 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 
| —=—=—SsSCHARACTERISTIC~—s_—s =S=—s|sS TYPE | MIN. | TYP. | MAX. [UNITS| SS TESTCONDITIONS— 


Drain-Source Breakdown Voltage BVpss_ | IRFD2Z0 _ 
z[ = ||| pon 
IRFD2Z1 : 

Gate Threshold Voltage Vestn | ALL | 20 | — | 40 | V_ | Vos=Ves, ln = 250 uA 


Gate-Source Leakage Forward less | ALL | — | — | 500 | nA _| Vos=20V 
Gate-Source Leakage Reverse loss -500 Ves = -20V 


i - 
Zero-Gate Voltage Drain Current loss ALL | — | — | 250 Vos = Max. Rating, Ves = 0 V 
| — | — _ | 1000 Vos = Max. Rating x 0.8, Ves = 0 V, Tc = 125°C 
On-State Drain Current @ IDion) IRFD2Z0 
IRFD2z1 | 9-32 
IRFD2Z2 
pees | oso | — | — | a 


> 


Vos > Ipion) X Fpsion) max., Vas = -10 V 


Static Drain-Source On-State l'pston) 
Resistance 


[Input Gapacitance == ws | ALLY — “| 87 | — | PF Ty ov y-osvtei1omp 
[Output Capacitance_____Con | ALL_| — | 15 | — | pF _] Yo 70¥. Vos=25V.1= 1OMHz 
[Reverse Transfer Capacitance Cw | ALL_| — | 40 | — | pF_| S*°"9 

Turn-On Delay Time tow | ALL_| — | 15 | — | ns] Voo= 
RiseTime—=—~SC~=~<—~SsESC“*‘“(;S CALLS — ~~ -10 | — | ns _| See Fig. 16 

[Turn-Off Delay Time tae» | ALL__| — | 22 | — | ns __| (MOSFET switching times are essentially 
Falltime_—=SSCSCSCSsK~SCSS*dY CALL | ~— | 28 | — | ns __| independent of operating temperature, 


Total Gate Charge Qg Ves = 10 V, Ip = 1.5 A, Vos = 0.8 V Max. Rating. 
(Gate-Souree Plus Gate-Drain pa | — | 25 | 40 | nc | 


See Fig. 17 for test circuit. (Gate charge is 
Gate-Source Charge Qs | ALL | — [| 15 [| — | nC_ | essentially independent of operating 
Gate-Drain (“Miller”) Charge Qo | ALL | — [| 15 | — | nc 

n 


a temperature.) 
Internal Drain Inductance Lp ALL yey 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 8 


Measured from the 
drain lead, 2.0 mm 
(0.08 in.) from package 
to center of die. 


Measured from the 
source lead, 2.0 mm 
(0.08 in.) from 
package to source 
bonding pad. 


Internal Source Inductance 


THERMAL RESISTANCE 
Junction-to-Ambient Resa | aul | — | — | 120 |°cw. Free Air Operation 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
Continuous Source Current IRFD2Z0 0.32 A Modified MOSFET symbol 
(Body Diode) IRFD2Z1 j showing the integral 
IRFD2Z2 reverse P-N junction rectifier. 
Pulse Source Current IRFD2Z0 15 A 
(Body Diode) IRFD2Z1 
IRFD2Z2 


Diode Forward Voltage @ IRFD2Z0 po - ; 
IRFD2Z2 eon ; 


Reverse Recovery Time | ALL {| — | 125 | — | ns_ | Ts= 150°C, lr =0.30A, di-/dt = 100 A/us 
Reverse Recovered Charge | ALL | — | 02 | — | pC | Ty= 150°C, Ip =0.30A, dl-/dt = 100 A/us 


Intrinsic turn-on time is negligible. 
Turn-on speed is substantially controlled by Ls + Lo. 


Forward Turn-on Time 


@ Ty = 25°C to 150°C. 
@ Pulse Test: Pulse width < 300 us, Duty Cycle < 2%. 
@ (See Fig. 14 and 15) L= 100 uH 
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IRFD2Z0, IRFD2Z21, IRFD2Z2, IRFD2Z3 


Ip. DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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Fig. 5 — Typical Transconductance Vs. Drain Current Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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IRFD2Z0, IRFD221, [RFD2Z2, [RFD2Z3 


BV pss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rps(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 7 — Breakdown Voltage Vs. Temperature Fig. 8 — Normalized On-Resistance Vs. Temperature 
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C, CAPACITANCE (pF) 


Ip=1.5A 
FOR TEST CIRCUIT 
SEE FIGURE 17 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 1.0 2.0 3.0 4.0 
Vans, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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EFFECT OF 2.0 us PULSE IS MINIMAL.) 0 
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Fig. 11 — Typical On-Resistance Vs. Drain Current Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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Pp, POWER DISSIPATION (WATTS) 


IRFD22Z0, IRFD2Z1, IRFD2Z2, IRFD2Z3 


VARY t, TO OBTAIN 
REQUIRED PEAK |, 
“2 
0 20 «40~=Ss—s«isti“<i«éiSC«iSts«iaS sO 
Ta, AMBIENT TEMPERATURE (°C) 
Fig. 13 — Power Vs. Temperature Derating Curve Fig. 14 — Clamped Inductive Test Circuit 
Veg = 10V F='p 
Fig. 15 — Clamped Inductive Waveforms Fig. 16 — Switching Time Test Circuit 
+V 
DS 
CURRENT 
(ISOLATED 
REGULATOR © SUPPLY) 


SAME TYPE 


12V 
BATTERY 


rey, 
! 


O ~Yos 
G + ID 
CURRENT ™ CURRENT 
SAMPLING SAMPLING 
RESISTOR RESISTOR 


Fig. 17 — Gate Charge Test Circuit 
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i? HARRIS IRFD310/311/312/313 
IRFD310R/311R/312R/313R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 


e 0.3A and 0.4A, 350V - 400V 4-PIN DIP 


TOP VIEW 
* rDS(on) = 3-62 and 5.02 


e Single Pulse Avalanche Energy Rated* SOURCE 
© SOA is Power-Dissipation Limited DRAIN 

e Nanosecond Switching Speeds GATE 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRFD310, IRFD311, IRFD312, and IRFD313 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 


transistors. IRFD310R, IRFD311R, IRFD312R, and IRFD313R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the D 


breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 


” 

tu 
a 
2s 
=O 
c= 
=o 
38 
z= 
re) 
a. 


The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRFD310 IRFD311 IRFD312 IRFD313 
IRFD310R IRFD311R IRFD312R IRFD313R UNITS 

Drain-Source Voltage (1) .2ciccxacecsisacnecaseaseces Vos 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20K) (1)........ eee eee ee VDGR 400 350 400 350 V 
Continuous Drain Current 

TES FO i vhs sbs vated vannceneninesndweeadasenes Ip 0.4 0.4 0.3 0.3 A 
Puleed Orain Current la) .sacces cee ne van tarersnanaven ns loM 1.6 1.6 1.2 1.2 A 
Glate—$SOuUrce VONAGE .ccsvscveveenecasavcesevensanns Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TG = #2576 (See FIQttS 14) a iscccccsbevecessanevense Pp 1.0 1.0 1.0 1.0 WwW 
Linear Derating Factor (See Figure 13) ............. ee ee eee 0.008 0.008 0.008 0.008 W/°C 
Inductive GUITEhT, CINDER x6 conxs sn ens tan neeeives saws ILM 1.6 1.6 tue 1.2 A 

(See Figure 14, L = 100u1H) 
Single Pulse Avalanche Energy Rating (4).............. Eas” 45 45 45 45 mJ 
Operating and Storage Junction ..........e eevee Ty, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1.Ty= +25°C to +150°C. 4. Vop = 40V, starting Ty = +25°9C, L = 44.89mH, Res = 500, 


2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. PEAK * 7.4/4: Soe Figuis 15, 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 15). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2324 1 
Copyright © Harris Corporation 1991 
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IRFD310, IRFD311, IRFD312, IRFD313 IRFD310R, IRFD311R, IRFD312R, IRFD313R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss_ | Vas = OV, Ip = 250A he Ae te | 
V 


IRFD310/312, IRFD310R/312R 


IRFD311/313, IRFD311R/313R | 350 | - | - [| vi 
Vos =VGs, Ip = 250)A Peo [| - [| 40 | v | 


Gate-Source Leakage Forward lass _ |Vgs=20V | = | = | 500 | nA | 
Gate-Source Leakage Reverse less |Vasg=-20V | = | = | -500 | nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgs = OV |} = ff 250 | A 


Vps = Max Rating x 0.8, Vas = OV, 1000 HA 
To = +1259C 
A 


pos | - | - | A 


(DS(ON) | VGS = 10V, Ip = 0.2A 
IRFD310/311, IRFD310R/311R 3.3 3.6 Q 


IRFD312/313, IRFD312R/313R | = | 86 | 50 | | 
Forward Transconductance (Note2) | dfs __|VDS> ION) X'DS{ON)Max'o=O2A | 05 | 12 | - | SO) | 
Input Capacitance Vas = OV, Vps = 25V, f = 1.0MHz | - | 185 [| - | pF | 
Output Capacitance pee Piguteri0 es ee 


pF 
Reverse Transfer Capacitance Crss pF 


Turn-On Delay Time Vpp = 0.5BVpss¢,; |p = 0.4A, Rg = 9.10 


Rise Time See Figure 17.(MOSFET switching times 


On-State Drain Current (Note 2) 
IRFD310/311, IRFD310R/311R 
IRFD312/313, IRFD312R/313R 


Static Drain-Source On-State 
Resistance (Note 2) 


3.0 10 


20 


are essentially independent of operatin 
Turn-Off Delay Time OFA) Menperctirs a 50 | 10 
Fall Time t 


Total Gate Charge Vas = 10V, Ip = 0.4A, Vps = 0.8 Max nc 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 
Gate-Source Charge r  OQgs _| (Gate charge is essentially independent of 


C) * 
operating temperature. 
Gate-Drain ("Miller") Charge oe oo 
Lp 


oo} Go ~ 
(o} Ke) oO 
JT os 
wy} on 


nc 
H 


Internal Drain Inductance Measured from Modified MOSFET 
the drain lead, symbol showing the 
2.0mm (0.08 in.) internal device 

from package inductances. 

to center of 

die. 


Ls Measured from the nH 
source lead, 2.0mm 
(0.08”) from 
package to source 
bonding pad. 
[Sunction-to-Ambient____—_—+||_RoJa_[Freeairoperation SSCL dT = —*dY~120_—| OC | 


Source Drain Diode Ratings and Characteristics 


— 


=] 


Internal Source Inductance 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current Ism integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 
S 


Reverse Recovery Time Ty = +150°C, IF = 1.6A, die/dt = 100A/us 
Reverse Recoverea Charge 


Forward Turn-on Time 


Diode Forward Voltage (Note 2) Ty = +259C, Ig = 1.6A, Vag = OV Fo - | = fl 16 | 


Ty = +1509C, Ip = 1.6A, die/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


NOTES: 
1.Tj= +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 40V, starting Ty = +25°C, 

; junction temperature. See Transient Thermal L = 44.89mH, Res = 500, IpeaK = 1.4A. 
2. Pulse Test: Pulse width < 300us, Impedance Curve (Figure 5). (See Figure 15.) 


Duty Cycle < 2% 
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IRFD310, IRFD311, IRFD312, IRFD313 IRFD310R, IRFD311R, IRFD312R, IRFD313R 


80 us PULSE TEST 


Ty = 125°C 
Ty = 25°C 
Ty = -55°C 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


Vs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) BGG BORE AEM EEE Oy Oe ees 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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N 
"1 1 
Ty= 150°C MAX. | NT | Ooms 
00.1 + SINGLE PULSE Ll Merwe acdtebemtanns 
g ar ead i 1 0 ee ee ee 


hii a lS El 


4 
CIC 
0-001 || ail IRFD311R, 3R}JIRFD310R, 2A 


Ip, ORAIN CURRENT {AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


2 468 2 4 68 2 468 2 
1 10 100 1000 
Vos: DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92CS-42798 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 


Suh 
UT ET TT 


=== 


80 us PULSE TEST 
Vos > '!Dion) * Ras(on) max. 


Qts, TRANSCONDUCTANCE (SIEMENS) 


lpr, REVERSE DRAIN CURRENT (AMPERES) 
o 


=i ———— 
monte — mor 

aaaile = 
Te too | | | TI 

0.2 

e& 

mie | | | | ft ft 

wLHt | | | 

0 022 044 066 088 11 1.32 154 1.76 198 22 0 1.0 2.0 3.0 4.0 5.0 
Ip, DRAIN CURRENT (AMPERES) Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 5 — Typical Transconductance Vs. Drain Current Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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IRFD310, 


BVpss, DRAIN-TO- SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


-55 -345 -14 65 27 475 68 885 109 129.5 150 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 7 — Breakdown Voltage Vs. Temperature 


ss = Cgs + Cog, Cqs SHORTED _VGEs=0 
f= 1 MHz 


C, CAPACITANCE (pF) 


0 10 20 30 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage 


Ros(on) MEASURED WITH CURRENT 
PULSE OF 2.0 us DURATION. 

INITIAL Ty = 254C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Ip, ORAIN CURRENT (AMPERES) 


Fig. 11 — Typical On-Resistance Vs. Drain Current 


Rosion). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-55 -34.5 


pt ty tT tT te tT 
-| it ttt ly 
|| tt ax 


IRFD311, IRFD312, IRFD313  IRFD310R, IRFD311R, IRFD312R, IRFD313R 


-14 65 27 475 68 885 109 129.5 150 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 — Normalized On-Resistance Vs. Temperature 


Vos. GATE-TO-SOURCE VOLTAGE (VOLTS) 


ID = 2A 
FOR TEST secur 
SEE FIGURE 17 


2 4 6 8 10 
Oy, TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 


Ip, DRAIN CURRENT (AMPERES) 
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IRFD310, 311 


IRFD310R, 311R | 


IRFD312, 313 
IRFD312R, 313R 


50 75 100 125 150 
Tc, CASE TEMPERATURE (°C) 


Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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IRFD310, IRFD311, IRFD312, IRFD313 IRFD310R, IRFD311R, IRFD312R, IRFD313R 


Py, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Tan, AMBIENT TEMPERATURE (°C) 


Fig. 13 - Power Vs. Temperature Derating Curve 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


woh] 
Ves= 10V 
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E1 = 0.5BVpss Ec= 0.75 BVpss 


Fig. 14a - Clamped Inductive Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vpos 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 


SAME 
TYPE 


12V |0.2 AS DUT 


Rp BATTERY |}F 
ae 


DUT 


| Rg + 
Vas= 4 | - Vop 
PULSE WIDTH < 1S , | _ | | 15m 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT Ip CURRENT 


SAMPLING RESISTOR — SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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a? HARRIS 


IRFD320/321/322/323 


IRFD320R/321R/322R/323R 


August 1991 


Features 

© 0.5A and 0.4A, 350V - 400V 

* DS(on) = 1-82 and 2.52 

¢ Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRFD320, IRFD332, IRFD322, and IRFD323 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD320R, IRFD332R, IRFD322R, and IRFD323R 
types are advanced power MOSFETs designed, tested, and 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
4-PIN DIP 
TOP VIEW 


SOURCE 
DRAIN 


GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 
The IRFD types are supplied in the 4-pin dual-in-line plastic S 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFD320 IRFD332 IRFD322 IRFD323 
IRFD320R IRFD332R IRFD322R IRFD323R UNITS 

DAIN=SOUCE VOUSGG(T? o1cces een cweseceeuewen ceu eee Vos 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20kKQ) (1)... . ee eee eee VDGR 400 350 400 350 V 
Continuous Drain Current 

ii etok sa "ET OCERTE TUR TECTETERTOTT ECE ET TET ETT Ip 0.5 0.5 0.4 0.4 A 
Pulsed Drain Current (3) ox cncwe san seranneans cea tneedes IDM 2.0 2.0 1.6 1.6 A 
GRIO~SOUICE VONSOS occas ene ohn eceraeed cenenendaee Ves of 8 +20 +20 £20 V 
Maximum Power Dissipation 

To = +25°G (See Figure 13) oicscsccecsccnaes sew ewer Pp 1.0 1.0 1,0 1.0 W 
Linear Derating Factor (See Figure 13) .......... 0. eee eee 0.008 0.008 0.008 0.008 W/°C 
Inductive Current, Clamped ..........ccccececcccceeces ILM 2.0 2.0 1.6 1.6 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4).............. Eas” 100 100 100 100 mJ 
Operating and Storage JUNCtION ...... cee eee eee Ty Tstg -55to+150 -55to+150 -55to+150 -55t0+150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 Te; 


(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Cupyrignt © Harris Corporation 1991 


3. Repetitive Rating: Pulse width limited by maximum junction 
temperature. See Transient Thermal Impedance Curve (Figure 5). 


4. Vop = 40V, starting Ty = +25°9C, L = 29.09mH, Res = 500, 
IPEAK = 2.5A. See Figure 15. 


2325.1 


File Number 
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IRFD320, IRFD321, IRFD322, IRFD323 IRFD320R, IRFD3217R, IRFD322R, IRFD323R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS a UNITS 
Drain-Source Breakdown Voltage | BVpss_ | VGg=OV, Ip = 250uA wel os le) a3 
V 


IRFD320/322, IRFD320R/322R 


IRFD321/323, IRFD321R/323R | oo | l= hd] lh hd] hU 
[Gate ThresholdVotage _——*« VasqrH) [Vos=VesIp=250uaSC~=<‘iE=Ci SES SCT «OTC CY 


Gate-Source Leakage Forward less |Vaqs=20V | - | - | 500 | nA | 

Gate-Source Leakage Reverse lass. | Vas =-20V | = | = | -500 | nA | 

Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vag = OV | - | - | 250 | pA | 
(ON) 


Vps = Max Rating x 0.8, Vgg = OV, 1000 uA 
To =+125°C 


On-State Drain Current (Note 2) 
IRFD320/321, IRFD320R/321R 
IRFD322/323, IRFD322R/323R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFD320/321, IRFD320R/321R 


IRFD322/323, IRFD322R/323R 


Rise Time 


Total Gate Charge Vgs = 10V, Ip = 0.5A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge (Gate charge is essentially independent of 


operating temperature. 
Gate-Drain (‘‘Miller’) Charge | Qgq | 4 2 r ) 


Internal Drain Inductance Lb Measured from Modified MOSFET 
the drain lead, symbol showing the 
2.0mm (0.08 in.) internal device 
from package inductances. 
to center of 
die. 
Internal Source Inductance Measured from the 

source lead, 2.0mm 

(0.08”) from 

package to source 


VDS > !D(ON) X DS(ON) Max, Vag = 10V 


TDS(ON) | VGS = 10V, Ip =0.25A 


See Figure 10 


Vpp ~90.5BVpss; Ip = 0.5A, Rg =9.1N 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 

temperature) 


") 
th 
7 Ue 
= W% 
=O 
=° 
cc 
25 
= 
Oo 
a. 


bonding pad. 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
G 
S 


Is 
Pulse Source Current Ism integral reverse 
(Body Diode) (Note 3) _ P-N junc. rectifier. 
V 


Diode Forward Voltage (Note 2) Ty = +259C, Is = 2.0A, Vag = OV a 


Reverse Recovery Time Tj = +1509C, If = 2.0A, dif/dt = 100A/us 
| Qrr_ | Ty = +150°G, Ip = 2.0A, dig/dt = 100A/us 
tON . . . : 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLg + Lp. 


1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 40V, starting Ty = +259C, 
junction temperature. See Transient Thermal L = 29.09mH, Regs = 50N, IpeEAK = 2.5A. 


2. Pulse Test: Pulse width < 300us, Impedance Curve (Figure 5). (See Figure 15.) 


Duty Cycle < 2% 
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IRFD320, IRFD321, IRFD322, IRFD323 IRFD320R, IRFD32171R, IRFD322R, IRFD323R 


mons hBESe Thy 
Vos > 'o(on) xRp 
2 a 
rr Es 
2 ss 
= = 
< < 
- e 
2 = 
= s 
xc [oad 
=) =] 
oOo Oo 
= = 
< < 
ec c 
a a 
S rc) 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs, GATE-TO- eae VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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a 
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— Ww 
wa | __+— 80 us PULSE TEST S 
a < 
a ~~" 
= be 
<x Vgs = 5.0V Fa 
2 3 
= + + + =o = | 
z 7 : 
= 
Oo | =z 
m +- ——— x 
< | , t ra} Ty = 150°C MAX. 
o 4.5V a Rihga = 120 K/W 
+ —+ + a 
5 SINGLE PULSE 


V4 | | 1 10 100 350 1000 
Vps, DRAIN TO SOURCE VOLTAGE (VOLTS) 
0 4 8 12 16 20 
92CS-42799 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 


Gts. TRANSCONDUCTANCE (SIEMENS) 


Ipg., REVERSE DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 5 — Typical Transconductance Vs. Drain Current Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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IRFD320, IRFD321, IRFD322, IRFD323 IRFD320R, IRFD3217R, IRFD322R, IRFD323R 


1.25 


BVpss, ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Ros(on). DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0.75 
-40 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (2C) 
Fig. 7 — Breakdown Voltage Vs. Temperature Fig. 8 — Normalized On-Resistance Vs. Temperature 


Ves=0 _ 
f= 1 MHz 


Cigg = Cgg + Cod, Cds SHORTED 


C, CAPACITANCE (pF) 


N-CHANNEL 
POWER MOSFETs 


Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 


Ip = 0.5A 
FOR TEST CIRCUIT 
SEE FIGURE 17 


0 4 8 12 16 20 
Qg. TOTAL GATE CHARGE (nC) 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 


Rpsion) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


IRFD320, 321 
IRFD320R, 321R 


IRFD322, 323 
IRFD322R, 323R 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 
Ip, DRAIN CURRENT (AMPERES) 


"95 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 11 — Typical On-Resistance Vs. Drain Current Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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IRFD320, IRFD321, IRFD322, IRFD323 IRFD320R, IRFD321R, IRFD322R, IRFD323R 


40 


35 


Pp. POWER DISSIPATION (WATTS) 
= 


Tc, CASE TEMPERATURE (°C) 


Fig. 13 - Power Vs. Temperature Derating Curve 


VARY tp TO OBTAIN 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


REQUIRED PEAK I, 


Res 


Vpp 
a DUT 
Ves= ‘\- tp Ves= tov —— 
y p 
I 
E, = 0.5BVpss Ec= 0.75 BVpss =o 
Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 
Rp BATTERY '}F 
a ee 
Vps 
DUT 
a Re ¥ 
Vgs= 10V ~ Yop 


PULSE WIDTH < 1p1.S . I _ | 1.5mA 


DUTY FACTOR < 0.1% -Vp 
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Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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[HARRIS IRFF110/111/112/113 
IRFF110R/111R/112R/113R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
TO-205AF 
e 3.0A and 3.5A, 80V - 100V BOTTOM VIEW 
* TNS(on) = 0.62 and 0.82 
e Single Pulse Avalanche Energy Rated* GATE 
; eres — SOURCE 
e SOA is Power-Dissipation Limited 0 
e Nanosecond Switching Speeds 5 o 
® Linear Transfer Characteristics DRAIN 
(CASE) 
© High Input Impedance 
Description 
The IRFF110, IRFF111, IRFF1 12, and IRFF4 13 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF110R, IRFF111R, IRFF112R, and IRFF113R N-CHANNEL ENHANCEMENT MODE - 
types are advanced power MOSFETs designed, tested, and be 
guaranteed to withstand a specified level of energy in the D TT _ 
breakdown avalanche mode of operation. All of these power > 3 
MOSFETs are designed for applications such as switching = = 
regulators, switching converters, motor drivers, relay drivers, re 
and drivers for high-power bipolar switching transistors G oO 5 
requiring high speed and low gate-drive power. These types & 3 
can be operated directly from integrated circuits. O.. 
The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRFF110 IRFF111 IRFF112 IRFF113 
IRFF110R IRFF111R IRFF112R IRFF113R UNITS 

Drain-Source VONaGE (1) ose sis cece seces eecaavoe vas Vps 100 80 100 80 V 
Drain-Gate Voltage (RGS = 20kK|)(1)............0 0 VDGR 100 80 100 80 V 
Continuous Drain Current 

Cp wen sa den anda nen na ca ancar ond MAeasenens ID 3.5 3.5 3.0 3.0 A 
Pulsed Drain Current(S) cs cisvcs cacen ven veaws caweeevws lpm 14 14 12 12 A 
Gale-Source VONAGE 2.2.5 se ccsskes nearer scsresr ewes Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

1 SSeS cnc 6b Kee css nerds canes Kneis pen eRsesKaeKe Pp 15 15 15 15 WwW 
Linear Derating Factors: sca ccensneavs ane ewens eovenennaens 0.12 0.12 0.12 0.12 W/9°C 
inductive Current, Claniped ci606cccccces cesueisaseaanea ILM 14 14 12 12 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4).............. Eas” 19 19 19 19 mJ 
Operating and Storage Junction .............00 eee Ty, TSTG -55to+150 -55to+150 -55to+150 -55to+150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering............... 1% 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = 5V, starting Ty = +25°C, L = 2.3mH, Regs = 250, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PERAK = 9-58. Sew eaguie 15. 
3. Repetitive Rating: Pulse width limited by max. junction temperature. See 

Transient Thermal Impedance Curve (Figure 5). 
* R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 562 1 


Copyright © Harris Corporation 1991 
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IRFF110, IRFF111, IRFF112, IRFF113 IRFF110R, IRFF111R, IRFF112R, IRFF113R 


Electrical Characteristics To = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss _ | Vas =OV, Ip = 250yA 
IRFF110/112, IRFF110R/112R 


IRFF111/113, IRFF111R/113R | 6oO | - {| - [| Vv | 
|GateThreshold Voltage | VasqtH) |Vos=Vas,Ip=250uA | tf CC -  T O 


[Gate-Source Leakege Foward | less [Veg=2ov i 00 
[Gate-Source LeekageRieverse | lass |Vas=-200 00 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgg = OV | = | - | 250 [| pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 pA 
Ty = +1259C 


ID(ON) | YDS > ID(ON) X DS(ON) Max, Vgg = 10V 


On-State Drain Current (Note 2) 
IRFF110/111, 1RFF110R/111R 


IRFF112/113, IRFF112R/113R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF110/111,IRFF110R/111R 


IRFF112/113, IRFF112R/113R 


Forward Transconductance (Note 2) | gfs_—_| Vps > ID(ON) X (DS(ON) Max: !p = 1.5A | 10 { 15 | - {| SU) | 
Input Capacitance Ciss_ | Vas = OV, Vps = 25V, f = 1.0MHz =a 
Output Capacitance Coss | See Figure 10 
Reverse Transfer Capacitance Crss 
Turn-On Delay Time Vop =~ 0.5BVpss; Ip = 3.5A, Rg =9.1N 

iectine eee iate MOSFET aweting tines 

- are essentially independent of operating 
Turn-Off Delay Time td(OFF temperature) 
Fall Time 
Total Gate Charge VGs = 10V, Ip = 3.5A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge : (Gate charge is essentially independent of 
ee : | Qos | operating temperature.) 

Gate-Drain (‘Miller’) Charge | Qga | 

Internal Drain Inductance Lp 


TDS(ON) | VGS = 10V, Ip = 1.5A 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from 
the drain lead, 
5.0mm (0.2 in.) 
from header 

to center of 
die. 


Internal Source Inductance Ls Measured from the 

source lead, 5.0mm 

(0.2”) from 

header to source 

bonding pad. 
ce a 


netentcaniont [Rosa [Fearopeaton = 8 PC 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 

integral reverse 

P-N junc. rectifier. G 


Pulse Source Current 
(Body Diode) (Note 3) 
Diode Forward Voltage (Note2) | Vsp_ | Ty=+25°C, Ig =3.5A, Vag = OV Po - | - [| 25 | ov | 
Reverse Recovery Time Ty = +1509C, Ir =3.5A,dig/dt=100A/us | - | 200 | - | ns | 
Reverse Recovered Charge | QRR | Ty=+150°C, IF =3.5A,dir/dt=100A/us | - [| 10 [| - |{ uc | 


Forward Turn-on Time ; ae Intrinsic turn-on time is negligible. Turn-on 2 ee ee 


speed is substantially controlled byLg + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SV, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal L= 2.3MH, Res = 25N, IpeaAK = 3.5A. (See 
= Impedance Curve (Figure 5). Figure 15.) 


Duty Cycle < 2% 
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IRFF110, IRFF111, IRFF112, IRFF113 IRFF1170R, IRFF11717R, IRFF112R, IRFF113R 


00 ys PULSE vest 
Vos > ID(on) x 


Ip, ORAIN CURRENT (AMPERES) 
Ip, ORAIN CURRENT (AMPERES) 


Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) ae GATE.TO- — VOLTAGE (VOLTS) 


Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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N-CHANNEL 
POWER MOSFETs 


Ip, ORAIN CURRENT AMPERES 
Id ORAIN CURRENT (AMPERES 


0 
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Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) ; Vds DRAIN to SOURCE VOLTAGEC VOLTS? 


Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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Zehgc(t)/Renyc. NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRFF110, IRFF111, IRFF112, IRFF113 IRFF110R, IRFF111R, IRFF112R, IRFF113R 


Vaneee = 
Pf y= 1258¢ 


Ots. TRANSCONDUCTANCE (SIEMENS) 


16 24 #32 40 48 56 


1p, ORAIN CURRENT (AMPERES) 


64 72 


Fig. 6 — Typical Transconductance Vs. Drain Current 


DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
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Fig. 8 — Breakdown Voltage Vs. Temperature 
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Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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Fig. 7 — Typical Source-Drain Diode Forward Voltage 


Ros(on). ORAIN TO-SOURCE ON STATE RESISTANCE 
(NORMALIZED) 
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T,, JUNCTION TEMPERATURE (°C) 
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Fig. 9 — Normalized On-Resistance Vs. Temperature 


Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 


Qy. TOTAL GATE CHARGE (nC) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRFF110, IRFF1171, IRFF112, IRFF113 IRFF110R, IRFF117R, IRFF112R, IRFF1173R 


A pSton) MEASURED WITH CURRENT PULSE OF 
2. 


7) us OURATION. INITIAL Ty = 25°C. (HEATING 
= EFFECT OF 2.0 us PULSE IS MINIMAL ) 
i=] 
3 & 
2 — 
<' a 
a Ves = 10V a 
a GS : 
5 = IRFF110, 111 
3 = IRFF110R, 111R 
3 5 
8 3 
° z 
io < 
r 4 [of 
< =: 
a 2 
” 
i=) 
c 
0 
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Ip, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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E; = 0.5 BVpss Ec= 0.75 BVpss 


Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
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CURRENT 
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DUTY FACTOR < 0.1% -Vps 
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Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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i HARRIS IRFF120/121/122/123 
IRFF120R/121R/122R/123R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
e 5.0A and 6.0A, 80V - 100V 
* rDS(on) = 0.302 and 0.40 


TO-205AF 
BOTTOM VIEW 


e Single Pulse Avalanche Energy Rated* 


; ae Seg SOURCE 
e SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics DRAIN 


(CASE) 
© High Input Impedance 


Description 


The IRFF120, IRFF121, IRFF122, and IRFF123 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 

transistors. IRFF120R, IRFF121R, IRFF122R, and IRFF123R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 

guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors 

requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFF120 IRFF121 IRFF122 IRFF123 
IRFF120R IRFF121R IRFF122R IRFF123R UNITS 


Drain-Source Voltage (1) 100 80 100 80 V 
Drain-Gate Voltage (RGs = 20k) (1) 100 80 100 80 V 
Continuous Drain Current 
6.0 6.0 5.0 5.0 
Pulsed Drain Current (3) 24 24 20 20 
Gate-Source Voltage +20 +20 +20 +20 
Maximum Power Dissipation 
20 20 20 20 
Linear Derating Factor 0.16 
Inductive Current, Clamped 24 24 20 20 
(See Figure 14, L = 100uh) 
Single Pulse Avalanche Energy Rating (4) 36 36 36 36 
Operating and Storage Junction -55to+150 -55to+150 -55to+150 -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = 25V, starting Ty = +25°C, L = 1.5mH, Rag = 252, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEAK = 6.0A. See Figure 15. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 563 1 
Copyright © Harris Corporation 1991 : 
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IRFF120, IRFF1217, IRFF122, IRFF123 IRFF120R, IRFF1217R, IRFF122R, IRFF123R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250uA 
IRFF120/1 22, IRFF120R/122R 


IRFF121/123, IRFF121R/123R 


| 80 
Ratisnvece eens oes pe ee 
|Gate-Source LeakageForward | _Igss_|Vas=20V = 100 TA 
a 
Zero Gate Voltage Drain Current Te Max Rating, VGs = OV | - | - | 250 [| pA | 


rgeaiawc Ne *PONeSTO ee 
To= 412506 
On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X DS(ON) Max, Vgg = 10V fae ie 
IRFF120/121, IRFF120R/121R 
IRFF 122/123, IRFF122R/123R 


Static Drain-Source On-State DS(ON) | VGs = 10V, Ip = 3.0A 
Resistance (Note 2) 
IRFF120/1 21, IRFF120R/121R 


IRFF 122/123, IRFF122R/123R 


Forward Transconductance (Note 2) 

Input Capacitance Vas = OV, Vps = 25V, f = 1.0MHz 

Output Capacitance See Figure 10 

Reverse Transfer Capacitance =oss 

Turn-On Delay Time | ta(ONn) | Vpp ~0.5BVpssg; Ip = 6.0A, Rg = 9.19 

Rise Time ok | See Figure 16. (MOSFET switching times 
- are essentially independent of operating 

Turn-Off Delay Time td(OFF temperature) 

Fall Time 


Total Gate Charge Vas = 10V, Ip = 6.0A, Vps = 0.8 Max 

(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


N-CHANNEL 
POWER MOSFETs 


Internal Drain Inductance Measured from Modified MOSFET 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 
die. 

Internal Source Inductance Measured from the 
source lead, 5.0mm 
(0.2”) from 
header to source 
bonding pad. 


Junction-to-Case Roesc 
Junction-to-Ambient 


Continuous Source Current Is 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Modified MOSFET 
symbol showing the 
integral reverse 

P-N junc. rectifier. 


Diode Forward Voltage (Note 2) | Vsp Ty = +25°C, Is = 6.0A, Ves = OV he Eee 
Reverse Recovery Time | tr | Ty=+1509C, IF =6.0A, di-/dt=100Ayis | - | 230 | - | ns | 
Reverse Recovered Charge | QRR_ | Ty=+150°C, IF=6.0A,di-/dt=100A/us | - | 1.0 {| - | uc | 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SV, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us, pote ad ana See als Thermal ioe Ras = 252, Ipeak = 6.0A. (See 
Duty Cycle < 2% pedance Curve (Figure 5). igure 15.) 
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IRFF120, IRFF121, IRFF122, IRFF123 IRFF120R, IRFF1217R, IRFF122R, IRFF123R 


Zngc't)/ Reng. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 
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Fig. 1 — Typical Output Characteristics 
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Fig. 3 — Typical Saturation Characteristics 
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Fig. 2 — Typical Transfer Characteristics 
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Fig. 4 — Maximum Safe Operating Area 
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Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRFF120, IRFF121, IRFF122, IRFF123 IRFF120R, IRFF127R, IRFF122R, IRFF123R 


fA, Lester 
Aa tt tt 
VV tpt 


Vos > '!D(on) * Ros(on) max. 


Os. TRANSCONODUCTANCE (SIEMENS) 


0 4 8 2 16 20 
Ip, ORAIN CURRENT (AMPERES) 


Fig. 6 — Typical Transconductance Vs. Drain Current 
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Fig. 8 — Breakdown Voltage Vs. Temperature 
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Vsp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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Fig. 9 — Normalized On-Resistance Vs. Temperature 


nisthesteale 
Ip = 10A 
FOR TEST CIRCUIT 
SEE FIGURE 17 


Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 


0 10 20 30 40 50 0 “ 8 12 16 20 


Vag. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRFF120, IRFF121, IRFF122, IRFF123 IRFF120R, IRFF121R, IRFF122R, IRFF123R 


08 


Rosion). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 us OURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 
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Figure 12 - Typical On-Resistance Vs. Drain Current 
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Fig. 14a - Clamped Inductive Test Circuit 


Fig. 14b - Clamped Inductive Waveforms 
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Fig. 16 - Switching Time Test Circuit 
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Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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Fig. 15b - Unclamped Energy Waveforms 
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Fig. 17 - Gate Charge Test Circuit 


Ga? HARRIS 


IRFF130/131/132/133 


IRFF130R/131R/132R/133R 


August 1991 


Features 

e 7.0A and 8.0A, 80V - 100V 

* 'DS(on) = 0.182 and 0.252 

¢ Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRFF130, IRFF131, IRFF132, and IRFF133° are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF130R, IRFF131R, IRFF132R, and IRFF133R 
types are advanced power MOSFETs designed, tested, and 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-205AF 
BOTTOM VIEW 
SOURCE GATE 
{0} 

Co) 
DRAIN 
(CASE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 
The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFF130 IRFF131 IRFF132 IRFF133 
IRFF130R IRFF131R IRFF132R IRFF133R UNITS 

Drain-Source Voltage (1) is cca ccansenavecanwnenannwes Vps 100 80 100 80 V 
Drain-Gate Voltage (RGS = 20k) (1)... .... cee ee eee VDGR 100 80 100 80 V 
Continuous Drain Current 

Tco= PIMs ds nac ke Pie Pekneskes Cth esdDeeEsiebees Ip 8.0 8.0 7.0 7.0 A 
Pulsed Dian GUuITSOl (3) nin none we teens seed eenenca rsews IDM 32 32 28 28 A 
Gate-Souree VONAGE avi us vee ene nee es ce xnes ceeneeees VGS +20 +20 #20 +20 V 
Maximum Power Dissipation 

Tig SG 6 dc cv iaapessqeds pre regen see neesgaae Ren Pp 25 25 en 25 W 
Linear Derating Factor... ice ccceccsce sen tenes seavee ne enews 0.2 0.2 0.2 0.2 W/°C 
INGuCtIVe Current, ClaMiPed 215 cs cen vee kee ee nee nwe xen ILM 32 32 28 28 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4).............. Eas” 69 69 69 69 mJ 
Operating and Storage Junction ................4. Ty, 's7q@ “S5t0+150 -55to+150 -55te+150 -55 to +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... Th 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Ty = +25°C to +150°C. 

2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 


Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. hand 
Copyright © Harris Corporation 1991 


4. Vop = 25V, starting Ty = +25°C, L = 1.62mH, Res = 25N, 
IPEAK = 8.0A. See Figure 15. 


ling procedures should be followed. 
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IRFF 130, IRFF131, IRFF132, IRFF133 IRFF130R, IRFF131R, IRFF132R, IRFF133R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss _ | VGs=OV, Ip = 250yA 
IRFF 130/132, IRFF130R/132R 


IRFF131/133, IRFF131R/133R | go | - {| - [| vi | 
|GateThreshold Voltage Ss] Vasc) |Vos=Vas.'Ip=2500A | 20 | CC K-  |  | C 


Gate-Source Leakage Forward iess_[Ves=20V ee ee a 
Gate-Source Leakage Reverse lass |Vq@g=-20V me 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgs = OV a 


Vps = Max Rating x 0.8, Vas = OV, 1000 
To = +1259C 


On-State Drain Current (Note 2) 
IRFF 130/131, IRFF130R/131R 


ID(ON) | YDS > ID(ON) X DS(ON) Max, Veg = 10V 


IRFF132/133, IRFF132R/133R es oe 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 4.0A 
Resistance (Note 2) 

IRFF130/131, IRFF130R/131R 0.14 0.18 


IRFF132/133, IRFF132R/133R ed es 
Forward Transconductance (Note 2) | gts —_| Vps > ID(ON) X (DS(ON) Max: !p = 4.0A | 40 | 55 [ - | cc 
Input Capacitance Ciss__| Vas = OV, Vps = 25V, f = 1.0MHz | - {| 600 | 


Output Capacitance Coss _| See Figure 10 
Reverse Transfer Capacitance Crss 
Turn-On Delay Time ton) _| Von =058Vpss,Ip=80ARG=919 | - | 90 | 80 | ns_| 
[RiseTime = | Time See Figure 16. (MOSFET switching times 15 

= aa are essentially independent of operating | = | 80 | 150 | ns 


Turn-Off Delay Time ‘d(OFF)_| temperature) | > | 50 |{ 100 | ns | 
Fall Time Po | es ee 
Total Gate Charge VGs = 10V, Ip = 8.0A, Vps = 0.8 Max 18 30 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


|Gate-SourceCharge = =—s_ || Qgs__i T Qga _ | (Gate charge is essentially independent of CG 
2 operating temperature.) | =| © | = | | 
Gate-Drain ("Miller") Charge a = [30 [= | n0_ 


internal Drain Inductance Measured from Modified MOSFET 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 

from header inductances. 
to center of 
die. 
Measured from the 
source lead, 5.0mm 
(0.2”’) from 

header to source 
bonding pad. 


aS eS see a ce AN 6 
netorioranbint [Faun [Feearonoaton | (| OT 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 

integral reverse 

P-N junc. rectifier. G 


Pulse Source Current 
(Body Diode) (Note 3) 
Diode Forward Voltage (Note 2) | Vsp_| Ty = +25°C, ig =8.0A, Vag = OV ee EE ee 
Reverse Recovery Time Ty = +1509C, Ir =8.0A,dip/dt=100A/us | - | 300 | - | ns | 
Reverse Recovered Charge | QraR | Ty=+1509C, IF =8.0A,di-/dt=100A/is {| - | 15 | - | uc | 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


internal Source Inductance 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 25V, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal L= 1.62mH, Res = 252, IpeaK = 8.0A. 
Impedance Curve (Figure 5). (See Figure 15.) 


Duty Cycle < 2% 
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IRFF 130, IRFF131, IRFF132, IRFF133 IRFF7I30R, IRFF137R, IRFF132R, IRFF133R 
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> Ty = 125°C 
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Bia /, Poor 
T= ‘ssec., SS d 
a> “Eee 
0 10 20 30 40 50 0 2 4 6 8 10 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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NORMALIZED EFFECTIVE TRANSIENT 


THERMAL IMPEDANCE (PER UNIT) 


3 —+ 1 DUTY FACTOR D- r 

4 pier rt {fl | | | 2. PER UNIT BASE = R =500€G C’'W 
= 002 =F SINGLE PULSE (TRANSIENT thJC : 
re hr 32 a te nfl ee RET oem 3 Tym -To= Pom Zinc) 

Cae ee a SSeS aeesee 


es — 5 10-4 2 5 10-3 5 10-2 2 5 10°! 2 5 1.0 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRFF 130, IRFF131, IRFF132, IRFF133 IRFF130R, IRFF131R, IRFF132R, IRFF133R 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL T, = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


IRFF130, 1 
IRFF130R, 131R 


Ip. DRAIN CURRENT (AMPERES) 


~~. 
IRFF132, NN 
IRFF132R, 133R 


Rosion): ORAIN TO-SOURCE ON RESISTANCE (OHMS) 


0 10 20 30 40 50 60 25 50 15 100 125 150 
Ip. DRAIN CURRENT (AMPERES) Tc. CASE TEMPERATURE (°C) 


Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Ves = 10V DUT Vex E 


IL 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Res 


E1 = 0.5BVpsg Ec= 0.75 BVpss 


Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 


+Vps 

(ISOLATED 
SUPPLY) 

SAME 

TYPE 

AS DUT 


CURRENT 
REGULATOR 


12V |0.2 
Rp BATTERY '}F 
sialon 


DUT 
Rg + 
Ves = 10V 


PULSE WIDTH < 1S : | _ | 1 Sma 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT —W Ip CURRENT 
Ht SAMPLING RESISTOR ™ SAMPLING RESISTOR 
Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 


IRFF130, IRFF131, IRFF132, IRFF133 IRFF130R, IRFF1317R, IRFF132R, IRFF133R 


Os, TRANSCONDUCTANCE (SIEMENS) 


Vos > !p(on) * Ros(on) max. 
80 us PULSE TEST 


Ion. REVERSE DRAIN CURRENT (AMPERES) 


0 05 10 15 20 25 3.0 
Ip, ORAIN CURRENT (AMPERES) Vsp, SOURCE TO DRAIN VOLTAGE (VOLTS) 
Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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BV oss DRAIN TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
8 
Ros(on). DRAIN TO SOURCE ON-STATE RESISTANCE 


~ rtf td Tf 
075 
-60 -40 -20 O 20 40 60 8 


0 100 120 140 -60 -40 -20 O 20 40 60 80 100 120 140 
Ty, JUNCTION TEMPERATURE (°C) Ty. JUNCTION TEMPERATURE (°C) 
Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 


Ciss = Cgs + Cog, Cas SHORTED 
Cissy = Coa 


C. CAPACITANCE (pF) 


Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 


: FOR TEST CIRCUIT 
~—T ~ SEE FIGURE 17 


0 8 16 z4 32 40 
Vos. ORAIN TO SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE IC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRFF210/211/212/213 
IRFF210R/211R/212R/213R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

e 1.8A and 2.2A, 150V - 200V 

* (DS(on) = 1.52 and 2.40 

© Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRFF210, IRFF211, IRFF212, and IRFF213 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF210R, IRFF211R, IRFF212R, and IRFF213R 
types are advanced power MOSFETs designed, tested, and 


Package 
TO-205AF 
BOTTOM VIEW 
SOURCE GATE 
(0) 

(0) (0) 
DRAIN 
(CASE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 
The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFF210 IRFF211 IRFF212 IRFF213 
IRFF210R IRFF211R IRFF212R IRFF213R UNITS 

Drain-Source Voltage (1) os cccccscvs ces cvccsscavesees Vos 200 150 200 150 V 
Drain-Gate Voltage (RGsS = 20KN) (1). 1.2... eee eee VDGR 200 150 200 150 V 
Continuous Drain Current 

Tco= DS y avers ndeacGedwngnudeeasereucenaeeanaun Ip 2.2 2.2 18 1.8 A 
Pulsed Drain Current (9) 446 csscusca casesssancavsvenes lpoM 9.0 9.0 75 7.5 A 
COt-SCLNCO VONGOS cn ciurwnddusn ete anineenmeennes Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

To = +25°C SERS ES DRSETS SHES COT ECE SKE TEK CES RON EEE SE Pp 18 15 15 15 WwW 
Linger Derating FAG. sci s cee den56 00000050 8000s arene ens 0.12 0.12 0.12 0.12 W/°C 
inductive Current, ClAMped as cscccscarsenisanesss vanes ILM 9.0 9.0 1S 7.5 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4).............. Eas* 30 30 30 30 mJ 
Operating and Storage Junction ..............008. Ty TsTtq@ 755to+150 -55to+150 -55to+150 -55to +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering ............... Th 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Ty = +25°C to +150°C. 

2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


4. Vop = 20V, starting Ty = +25°C, L = 11.16mH, Regs = 50N, 
IPEAK = 2.2A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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IRFF210, IRFF211, IRFF212, IRFF213 IRFF210R, IRFF2117R, IRFF212R, IRFF2713R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS |} MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss_ | Vas = OV, Ip = 250uA foe |» | «= |e! 
V 


IRFF210/212, IRFF210R/212R 


IRFF21 1/213, IRFF211R/213R | 1560 | - {| - | Vv | 
[Gate ThresholdVoltage——=—=«dt Vasqim |Vps= Vas, p=2500A—SC~«isSCi | - <d| Od] 


Gate-Source Leakage Forward lass |Vegs=20V | - | = {| 100 | nA | 
Gate-Source Leakage Reverse lass. |Vaqs=-20V | = [ = | -100 {| nA | 
Zero Gate Voltage Drain Current Ipss_ | Vps = Max Rating, Vgs = OV | o- | - | 250 [| pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 pA 
To =+1259C 


On-State Drain Current (Note 2) 
IRFF210/211, IRFF210R/211R 
IRFF212/213, IRFF212R/213R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF210/211, IRFF210R/211R 


IRFF21 2/213, IRFF212R/213R 


ID(ON) | YDS > !D(ON) X "DS(ON) Max, Vag = 10V 


Ves = OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


| ta(on) | Vop ~0.5BVps¢, Ip = 2.2A, Rg = 9.19 
Rise Time See Figure 16. (MOSFET switching times 
a are essentially independent of operating 
Turn-Off Delay Time td(OFF temperature) 
Fall Time t 


Total Gate Charge VGs = 10V, Ip = 2.2A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge | Ouse | (Gate charge is essentially independent of 


Gate-Drain (“Miller”) Charge | Qgq | elaenchamctenianeng 
Internal Drain Inductance Lp Measured from 
the drain lead, 
5.0mm (0.2 in.) 
from header 
to center of 
die. 
Internal Source Inductance Measured from the 
source lead, 5.0mm 
(0.2”) from 
header to source 
bonding pad. 


Fao |S 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Pulse Source Current ISM 
(Body Diode) (Note 3) 
Diode Forward Voltage (Note 2) Ty = +25°C, Ig = 2.2A, Vgg = OV | - | - | 20 | vi | 
Reverse Recovery Time | try = | Ty = +1500C, Ip =2.2A,dip/dt=100A/us [| - | 290-| - | ns | 
Reverse Recovered Charge | QrR_ | Ty=+1509C, Ip =2.2A,dip/dt=100A/us | - | 20 | - | uc | 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 


speed is substantially controlled byLs + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 20V, starting Ty = +259C, 
2. Pulse Test: Pulse width < 300ps, ee ek se rn — Thermal on ah oboe = 502, IpEAK = 2.2A. 
Duty Cycle < 2% pedance Curve (Figure 5). (See Figure 15.) 
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Modified MOSFET 
symbol showing the 
internal device 

inductances. 
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IRFF210, IRFF211, IRFF212, IRFF213 IRFF210R, IRFF2717R, IRFF212R, IRFF213R 


Ip, ORAIN CURRENT (AMPERES) 
Ip, ORAIN CURRENT (AMPERES) 


0 2 4 6 8 10 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, GATE-TO- SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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0.05 
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Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum Safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF2170, {RFF2171, IRFF212, IRFF213 IRFF2170R, IRFF2177R, IRFF212R, IRFF213R 


Ty = -559C 


SCRE 
Zea ae 


Qfs. TRANSCONDUCTANCE (SIEMENS) 


0 1.0 2.0 3.0 4.0 5.0 
Ip, DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 


BV pss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 - Breakdown voltage vs. temperature. 


C, CAPACITANCE (pF) 


0 10 20 30 40 50 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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lor, REVERSE DRAIN CURRENT (AMPERES) 


0 10 20 3.0 40 
Vp. SOURCE TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 


RpS(on). DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


N-CHANNEL 
POWER MOSFETs 


-40 0 40 80 120 
Ty, JUNCTION TEMPERATURE (°C) 


160 


Fig. 9 - Normalized on-resistance vs. temperature. 


Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 


D 
FOR TEST CIRCUIT 
SEE FIGURE 17 


Qg TOTAL GATE CHARGE (nC) 


10 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


IRFF210, IRFF211, IRFF212, IRFF213 IRFF210R, IRFF211R, IRFF212R, IRFF213R 


Ros(on) MEASURED WITH CURRENT PULSE OF 


a 2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
= EFFECT OF 2.0 us PULSE IS MINIMAL.) 
i=] 
ws 2.0 
o 3 = 
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DB a ae 211R ae 
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= Z 15 
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Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 
Vos 
VARY tp TO OBTAIN VARY tp TO OBTAIN 


REQUIRED PEAK I. REQUIRED PEAK I 


Res 


Vas = 10V DUT 
GS tp Ves= 10V tp 
a 
E = 0.5 BVpss Ec= 0.75 BVpss == 
Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vpos 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
— TYPE 
12V |0.2 AS DUT 
Rp BATTERY 'F 
a aoe 
Vps 
DUT 
Rg + 


Ves= 10V 


PULSE WIDTH < 11S ; | | {15m 


DUTY FACTOR < 0.1% “Vos 
IG CURRENT Ip CURRENT 
=e SAMPLING RESISTOR ~ SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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i? HARRIS IRFF220/221/222/223 
IRFF220R/221R/222R/223R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
TO-205AF 
e 3.0A and 3.5A, 150V - 200V BOTTOM VIEW 
® 'DS(on) = 0.82 and 1.220 
e Single Pulse Avalanche Energy Rated* GATE 
; a — SOURCE 
e SOA is Power-Dissipation Limited 0 
e Nanosecond Switching Speeds 5 
e Linear Transfer Characteristics DRAIN 
(CASE) 
¢ High Input Impedance 
Description 
The IRFF220, IRFF221, IRFF222, and IRFF223 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF220R, IRFF221R, IRFF222R, and IRFF223R N-CHANNEL ENHANCEMENT MODE had 
types are advanced power MOSFETs designed, tested, and J W 
guaranteed to withstand a specified level of energy in the D w rT} 
breakdown avalanche mode of operation. Ali of these power =O 
MOSFETs are designed for applications such as switching = = 
regulators, switching converters, motor drivers, relay drivers, S) + 
and drivers for high-power bipolar switching transistors G zs 
requiring high speed and low gate-drive power. These types 4 
can be operated directly from integrated circuits. 
The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFF220 IRFF221 IRFF222 IRFF223 
IRFF220R IRFF221R IRFF222R IRFF223R UNITS 

Drain-Source Voltage (1) «ccs csccscveresveunsuncusens Vos 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20kK2)(1)......... eee eee VDGR 200 150 200 150 V 
Continuous Drain Current 

To= Wea asst addwedes cae htaMe ees wean mses amine Ip 35 35 30 3.0 A 
Pulsed Drain GunrentlS) c. ccecccac ces cacaatscaccnc wees IDM 14 14 12 12 A 
Gere" SOUICG VONEGS .0isccnceses cectecedensonvee aes Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

Tc= We cuca ches adhe cened aeaeueheneweceeoun Pp 20 20 20 20 W 
Linear Darang FaCtOl coe ki cases ees ehedd aed eesaeentve ee 0.16 0.16 0.16 0.16 W/°C 
inductive Current, ClAaMmGO0 ou ccsecccansacessuseeacvas ILM 14 14 12 12 A 

(See Figure 14, L = 100u1H) 
Single Pulse Avalanche Energy Rating (4).............. Eas* 85 85 85 85 mJ 
Operating and Storage Junction ...............68. Ti 1STG@ -S5to04+150 -65to0+150 -55i0+150 -55to +150 °C 
Temperature Range 
Maximum Lead Temperature for Soldering............... Th 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1.Ty= +25°C to +150°C. 4. Vop = 20V, starting Ty = +25°9C, L = 12.5mH, Res = 50, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEAK > Sve. Sen Hae TS, 
3. Repetitive Rating: Pulse width limited by max. junction temperature. See 

Transient Thermal Impedance Curve (Figure 5). 
* R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 889 1 
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IRFF220, IRFF221, IRFF222, IRFF223 IRFF220R, IRFF221R, IRFF222R, IRFF223R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss | Vas = OV, Ip = 250A 
IRFF220/222, IRFF220R/222R 


IRFF221/223, IRFF221R/223R | 150 | - | - J vi 
[Gate ThresholdVottage__—«d| Vasqim |VpS=Vas,'o=2500A—SS—=~isE=C S| «S- ~=S«dY:« S| «SC*' 
[Gate-SourceLeakageForward | lass |[Vas=20VSSSCSC~—~sSC SSS «| «100 ~*TC A 
Vas =-20V P= = | -100 [na 

Zero Gate Voltage Drain Current Vps = Max Rating, Ves = OV |} = | - | 250 | pA | 
Vps = Max Rating x 0.8, Vgs = OV, 1000 uA 

reeitewe ne *PONes Tee 

On-State Drain Current (Note 2) ID(ON) | YDS > ID(ON) X DS(ON) Max, Vgs = 10V lode Le le 
IRFF220/221, IRFF220R/221R 3.5 A 

IRFF222/223, IRFF222R/223R | = | A | 

Static Drain-Source On-State 'DS(ON) | VGS = 10V, Ip = 2.0A ww os la 

Resistance (Note 2) 

IRFF220/221, IRFF220R/221R 9) 

IRFF222/223, IRFF222R/223R ua Pp | 
[Forward Transconductance (Note2) |__afs | VDS>ID{ON)X'DS(ON)MaxID=20A_ | 15 | 


Vas = 10V, Ip = 3.5A, Vps = 0.8 Max 


Total Gate Charge 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


Gate-Source Charge i (Gate charge is essentially independent of 
. > : | Qgs | operating temperature.) 
Gate-Drain (‘Miller’) Charge | Qgq | 
Internal Drain Inductance 

Junction-to-Case 

Junction-to-Ambient 
Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Pulse Source Current ISM 
(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) Ty = +25°C, Is = 3.5A, Vas = OV 
Reverse Recovery Time | tre «=| Ty = +1509C, Ir =3.5A, dif/dt = 100A/us 
Reverse Recovered Charge Ty = +1509C, IF = 3.5A, dif/dt = 100A/us 


Vas = OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


ue) 


Vpp ~9.5BVpss; |p = 3.5A, Rg = 9.10 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


se) 
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@) o|Z 
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(oe) 
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Modified MOSFET 
symbol showing the 


a i 


Measured from 
the drain lead, 


5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 


die. 
Measured from the 
source lead, 5.0mm 
(0.2”) from 

header to source 
bonding pad. 5S 


4 


ao 


Internal Source Inductance 


=, 


175 


S 
2 


- ak 
. hk = 

— 

1e)) 

= | 

?) 


Ww 
on 


= 
Q 


no} © 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 20V, starting Ty = +25°C, 
junction temperature. See Transient Thermal L = 12.5mH, Reg = 50M, IpeaK = 3.5A. 


2. Pulse Test: Pulse width < 300us, 


Dutv Cvcle < 2% Impedance Curve (Figure 5). (See Figure 15.) 
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IRFF220, IRFF221, IRFF222, IRFF223 IRFF220R, IRFF221R, IRFF222R, IRFF223R 


80 us PULSE TEST — 


Vos > 'o(on) * Ros(on) max. 

a a 
= = 
a = 
2 < 
2 z 
s = 
= 5 
o ~ 
z z 
: s 
3 3 

0 20 40 60 80 100 0 2 = 6 8 10 

Vos. ORAIN TO SOURCE VOLTAGE (VOLTS) Vgs. GATE TO. SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


: ==Es eee Ks 
| _ 10} 229, 3/222R,3R KOE aaheaa yj W 
; - ” = 5 eS jn sas a> = TT) LL 
— a ae oe a a a a 2 ee 2 Y 
a = [z20, 17200R, 1k RN > me) 
= < pe mnerrney 1 oN |e TUN L | <x = 
: : NONCE NTT =~ 
= ee & Ow 
2 ec 
ps a 10 zs 
: : 2 
z © 05 Tp =260C ven 
ES Ss 
=) 
= 02 Rthyc = 6.25 K/W 
| | SINGLE PULSE 
0 1 ae Ge) ee) SG Se es 
2 a a a ee id 220, 2/220R, 2R 
0.05 ee ee ee ees 
102 5 10 20 50 100 200 500 
Vig: BRRIN TRSRRASE VOL TAGE aL Te Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


. a | | 
Retin esi eRe 
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oO 
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1. DUTY FACTOR. D = 7 


Zthsc(t)/Rynyc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 
Oo 
nN 


0.02 Fes | ee SINGLE PULSE (TRANSIENT | , 2. PER UNIT BASE = Rinyc = 6.25 DEG. C/W. 
= 2 a>. THERMAL IMPEDANCE) | —_ tt ttt 3 tym Te= Pom Zensclt 
a an eet 
10-5 2 5 19-4 2 5 10-3 2 5 10-2 2 5 10-1 2 5 10 2 5 10 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF220, IRFF221, IRFF222, IRFF223 IRFF220R, IRFF221R, IRFF222R, IRFF223R 


Ufs, TRANSCONDUCTANCE (SIEMENS) 


(on) * Rps(on) max. 
us PULSE TEST 


Ip, DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 


BVoss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


40 120 160 
es sai cs pa RE (0C) 


Fig. 8 - Breakdown voltage vs. temperature. 


1000 


800 ~—+__|-- —+- Cigg = Cyy + Cog, Cos SHORTED 


Crss = Cog 
cine wale Cys Coq 
Coss = Cys + Cos + Cog 
600 ° z = Cas + Cog 


* 
Ciss 


400 F 


C. CAPACITANCE (pt) 


200 


0 10 20 30 40 50 
Vps. ORAIN TO SOURCE VOLTAGE ‘VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


4-446 


Ipr. REVERSE DRAIN CURRENT (AMPERES) 


Vp. SOURCE -TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 


RoS(on), ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 9 - Normalized on-resistance vs. temperature. 


| I 
Vps = 160V, IRFF220, 222 
IRFF220R, 222R 


Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 
5S 


FOR TEST CIRCUIT | 
os 
| SEE FIGURE 17 


0 4 8 12 16 20 
Qg. TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


IRFF220, IRFF221, IRFF222, IRFF223  IRFF220R, IRFF221R, IRFF222R, IRFF223R 


15 


a 
= 
=x 
S 
ad 
Oo _ 
z rf] 
= cc 
” uw 
8 10 $ IRFF220, 221 
x = IRFF220R, 221R 
z = 
oO 2 
a wa 
oO c 
s a IRFF223, 223 
S rs IRFF223R, 223R 
° < 
2 05 ——— « 
Ran || ° 
i=) 
< 
3° = —— 
2 Rosion) MEASURED WITH CURRENT PULSE OF 
= 2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 
0 
Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vos 


VARY tp TO OBTAIN 


VARY tp TO OBTAIN Cs) 
REQUIRED PEAK I REQUIRED PEAK I R wd 
E GS Vpp Jj Wi 
1 i Tr 
wee DUT 
Vas = 10V . Ves= 10V : g 
p a - 
Ib Q uw 
E; = 0.5BVpss Ec= 0.75 BVpss a5 = 5 
~ a. 
Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 


Rp BATTERY '}F 
eats 


DUT 
Rg i 
Vas = 10V ~ Yop 


PULSE WIDTH < 1pS r | | | 1.5mA 


DUTY FACTOR < 0.1% 


“Vos 
Ig CURRENT —L Ip CURRENT 
== SAMPLING RESISTOR ~ SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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i HARRIS IRFF230/231/232/233 
IRFF230R/231R/232R/233R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
TO-205AF 
© 4.5A and 5.5A, 150V - 200V BOTTOM VIEW 
* (DS(on) = 0.42 and 0.62 
e Single Pulse Avalanche Energy Rated* 
eens SOURCE GATE 
e SOA is Power-Dissipation Limited 5 
e Nanosecond Switching Speeds ~ . 
e Linear Transfer Characteristics DRAIN 
(CASE) 


e High Input Impedance 


Description 


The IRFF230, IRFF231, IRFF232, and IRFF233 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 


transistors. IRFF230R, IRFF231R, IRFF232R, and IRFF233R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the D 


breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRFF230 IRFF231 IRFF232 IRFF233 
IRFF230R IRFF231R IRFF232R IRFF233R UNITS 

Drain-Source Voltage (1) 2.00200 cet seeeetonseoun ens Vos 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20kK{|) (1). ..... 6. ee eeeee VDGR 200 150 200 150 V 
Continuous Drain Current 

Te ACG ha ede neeene hints ce dords meatus sucess Ip 5.5 5.0 4.5 4.5 A 
Use DIA CUNGHED) oeceeccedge ova actu cee oe ewe eens IDM 22 22 18 18 A 
Gate Source VONAGE ss cstascetes seecnnsseewsgawe wee Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

Te Oe s o6de ews ad ena us cnt eeeens eeeaeie kod aedie Pp 25 25 25 25 W 
Linear DGratinG FAC! s <0 canned os eee 0K she ben wawne ede nae 0.2 0.2 0.2 0.2 W/°C 
inductive Current, CIAMpPG? i. ccase ica cede can esanneces ILM 22 22 18 18 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4).............. Eas” 85 85 85 85 mJ 
Operating and Storage Junction ..............005. Ty TstqG -55to+150 -55to+150 -55to+150 -55to +150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering ............... TE 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = 20V, starting Ty = +25°9C, L = 8.9mMH, Regs = 50N, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. RAG Snes Se eae a 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 892.1 
Copyright © Harris Corporation 1991 
4-448 


IRFF230, IRFF231, IRFF232, IRFF233 IRFF230R, IRFF231R, IRFF232R, IRFF233R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_ | Vas= OV, Ip = 250yuA rere 
Vv 


IRFF230/232, IRFF230R/232R 


IRFF231/233, IRFF231R/233R | 150 | - | - | Vv | 
[GateThresholdVoltage _——=«dt Vasq7my [Vos=Vas Ip=2500ASSSC=«isE=CO STS ~SCd|«O | OV 


Gate-Source Leakage Forward less |VGs=20V | = | - {| 100 [| nA | 
Gate-Source Leakage Reverse lass |VGs=-20V Oe 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vas = OV A 


Vps = Max Rating x 0.8, Vgs = OV, 1000 
To = +1259C 


On-State Drain Current (Note 2) 
IRFF230/231, IRFF230R/231R 
IRFF232/233, IRFF232R/233R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF230/231, IRFF230R/231R 


IRFF232/233, IRFF232R/233R 


Fad Tarscoeree | a5 VEE RTOS ARES |e | es UT 
= [600 

TTurn-OnDelayTime | taOn) | 
Faitime——SSSCSC~C~rS 


ID(ON) | YDS > ID(ON) X DS(ON) Max, Vgg = 10V 


DS(ON) | VGS = 10V, ID = 3.0A 


Vpp =~ 0.5BVpss; Ip = 5.5A, Rg = 9.1N 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 

temperature) 


” 
tu 
= i 
=” 
=O 
c= 
=o 
35 
za 

re) 
ee 


Total Gate Charge VGs = 10V, Ip = 5.5A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge | Ogee [Re charge is essentially independent of 


operating temperature. 
Gate-Drain (“Miller”) Charge a itis nanaliiaaii 


Internal Drain Inductance Measured from 
the drain lead, 
5.0mm (0.2 in.) 
from header 

to center of 
die. 
Measured from the 
source lead, 5.0mm 
(0.2”) from 

header to source 
bonding pad. 


CL a a Ra CS OR oF 
uneiont-anbent_| Roun _[Fewareperton TY 8 PO 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Internal Source Inductance 


Diode Forward Voltage (Note2) | Vsp_ | Ty=+25°C, Ig =5.5A, Vag = OV a ee ee ee 
Reverse Recovery Time | tre =| Ty = +1509C, Ip = 5.5A, dig/dt = 100A/us ef fs 
Reverse Recovered Charge | QrrR_ | Ty=+1500C, Ip = 5.5A, di¢/dt = 100A/ps 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 
NOTES: 1. Ty = +25°C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 20V, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us, aii ip mele See oo Thermal — eae Rgs = 502, IpeaK = 5.5A. (See 
Duty Cycle < 2% mpedance Curve (Figure 5). igure 15.) 
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IRFF230, IRFF231, IRFF232, IRFF233 IRFF230R, IRFF231R, IRFF232R, IRFF233R 


80 us PULSE TEST 


ip, DRAIN CURRENT (AMPERES) 
1p, DRAIN CURRENT (AMPERES) 


0 20 40 60 80 100 
Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Vgs. GATE TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 - Typical transfer characteristics. 


Fig. 1 - Typical output characteristics. 


IS LIMITED BY Rps(on) eh : 
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OAR: 
oA 


Ves = SV 


Soe en “Te = 259°C 


as 


Ip, DRAIN CURRENT (AMPERES) 
a DRAIN CURRENT (AMPERES) 


Aa ee oo 


es DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


rn a 

“i 

7) ie 
10 2 5 10 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


1. DUTY FACTOR, 0 = zt 


4 mance ie oa 
THERMAL IMPEDANCE) oe SES ae ees a Va 3. Tym - Te = Pom Ztnclt). 


0.01 
10-5 — 5 10-4 2 5 10-3 2 5 10-2 2 5 10°! 2 5 1.0 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Zrnyc(t)/Rengc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF230, IRFF231, IRFF232, IRFF233 IRFF230R, IRFF231R, IRFF232R, IRFF233R 


Qts. TRANSCONDUCTANCE (SIEMENS) 


lor. REVERSE ORAIN CURRENT (AMPERES) 


I, _ Vos > !Dion) x Ros(on) max. 
SESSERCLOS 
2 4 8 


Ip, DRAIN CURRENT (AMPERES) Vgp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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N-CHANNEL 
POWER MOSFETs 


BV pss, ORAIN TO SOURCE BREAKOOWN VOLTAGE 
(NORMALIZED) 
Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 -40 0 40 80 120 160 
Ty. JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


1 
aos re oov + K 


Ving ov, F230, F232, 
F230R, F232R 


C, CAPACITANCE (pF) 
Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 


= icin 30 40 50 0 8 16 24 32 40 
Vos, DRAIN. a — VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE inC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF230, IRFF231, IRFF232, IRFF233 IRFF230R, IRFF2317R, IRFF232R, IRFF233R 


IRFF233, 233 
IRFF233R, 233R 


IRFF230, 231 
IRFF230R, 231R 


Ip, DRAIN CURRENT (AMPERES) 


-, ——— 3 
ee 
—T || 


Rps(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 10 20 30 40 25 50 75 100 125 150 
1p, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 


Figure 12 - Typical On-Resistance Vs. Drain Current F 


— 


g. 13 - Maximum Drain Current Vs. Case Temperature 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


VARY tp TO OBTAIN 
REQUIRED PEAK IL 


Res 


Vpp 
Vas = 10V DUT 
GS te Vgs= 10V tp 
IL 
Ey = 0.5BVpss Ec= 0.75 BVpss =e 
Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
— TYPE 
12V |0.2 AS DUT 
Rp BATTERY '}F 
Vps 
DUT 
Rg + 
Vgg = 10V - Yop 
PULSE WIDTH < 14S [ _ | sates 
DUTY FACTOR < 0.1% ° - Vos 
IG CURRENT —— Ip CURRENT 
SAMPLING RESISTOR ™~ SAMPUNG RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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it HARRIS IRFF310/311/312/313 
IRFF310R/311R/312R/313R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
TO-205AF 
¢ 1.35A and 1.15A, 350V - 400V BOTTOM VIEW 
* DS(on) = 3-62 and 5.0 
e Single Pulse Avalanche Energy Rated* 
ain SOURCE GATE 
¢ SOA is Power-Dissipation Limited 5 
¢ Nanosecond Switching Speeds a . 
e Linear Transfer Characteristics DRAIN 
(CASE) 


® High Input Impedance 


Description 


The IRFF310, IRFF311, IRFF312, and IRFF313° are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 


transistors. IRFF310R, IRFF311R, IRFF312R, and IRFF313R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the D 


breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 
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Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFF310 IRFF311 IRFF312 IRFF313 
IRFF310R IRFF311R IRFF312R IRFF313R UNITS 

Drain-Source Voltage (1) « .xscvwas sve nesue enaesenenns Vps 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20k) (1)............008. VDGR 400 350 400 350 V 
Continuous Drain Current 

TG FSG vannnns connes saan cen heave and kena dines ID 1.35 Two 1.15 1.15 A 
Pulsed Drain Gurtrent (9) a< excuse cxase ces ecanscnweseuss IDM 5.5 5.5 4.5 4.5 A 
GSdie-SOUICS VONAGE cx cc vadnns as engender arenna ce ess Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

TE SH A2SPO esceresseewsenes neeee enews nen awkenannes Pp 15 15 15 15 W 
Lingar Deratind Factors cesceviesstaenesnasswistseccdaues 0.12 0.12 0.12 0.12 W/°C 
inductive Current, Clam p00 is cos csceeuwduw nse cuawen dei ILM 5.5 5.5 4.5 4.5 A 

(See Figure 14, L = 100uh) 
Single Pulse Avalanche Energy Rating (4).............. Eas” 150 150 150 150 mJ 
Operating and Storage Junction .............0005. Ty ISTG ~“S5to+150 -S5to+150 -S5i0 +150 -55t0 +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering..............4. TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1.Ty= +25°C to +150°C. 4. Vop = 40V, starting Ty = +259C, L = 44.89mH, Res = 50, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEAK 125%, nee Pigue TS. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. File Number 1 888 1 
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IRFF310, IRFF311, IRFF312, IRFF313 IRFF310R, IRFF311R, IRFF312R, IRFF313R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_ | VaGs= OV, Ip = 250yA 
IRFF310/31 2, IRFF310R/312R 


IRFF311/313, IRFF311R/313R 


[Gate ThresholdVoltage | Vesa |Vos=Ves ip=250"A_——SCS~=~“—~—‘i | dT 
[Gate-SourceLeakageFoward | Igss |Vas=20V_ SCS. ~- | = | 10 
[Gate-Source LeakageReverse | Iosg_|Vas=-20V.———«d| ~~ | | -100_ | na 


Zero Gate Voltage Drain Current 


Cwin[ TYP | WAX_| UNITS 


Vps = Max Rating, Vas = OV ee ce 


Vps = Max Rating x 0.8, Vas = OV, 1000 HA 
To = +1259C 


On-State Drain Current (Note 2) 
IRFF310/311, IRFF310R/311R 
IRFF312/313, IRFF312R/313R 


Static Drain-Source On-State 
Resistance (Note 2) 


ID(ON) | YDS > !D(ON) X "DS(ON) Max, Vgg = 10V 


TDS(ON) | VGS = 10V, Ip = 0.8A 
IRFF310/311, IRFF310R/311R 3.3 3.6 n 


IRFF312/313, IRFF312R/313R | = | 86 | 50 | a | 
[Forward Transconductance (Note2) | afs__[VDS>IDION)X'DS(ON)Maxio=O8A | 08 | 12 | - | SO)_ 
Vas = OV, Vps = 25V, f= 1.0MHz 
eeraleye 

| taON) _| 


7 
Total Gate Charge | Oa VGs = 10V, Ip = 1.35A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

[Gate-Source Charge gs _ | (Gate charge is essentaly independent o 

Gate-Drain (‘Miller’) Charge 

Internal Drain Inductance 


Vpp ~ 0.5BVpss¢, Ip = 1.35A, Rg =9.1N 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from 
the drain lead, 
5.0mm (0.2 in.) 
from header 

to center of 
die. 
Measured from the 
source lead, 5.0mm 
(0.2”) from 

header to source 
bonding pad. 


[Gunction-torGase—S—SCS~—~‘sC RQ CSCS | OC 


Modified MOSFET D 
symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
Ss 


Internal Source Inductance 


Ty = +1509C, Ip = 1.35A, di¢/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


Ty = +259, Is = 1.35A, Vag = OV 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 40V, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300ys, anand mo eo See oo Thermal ae peel = 50N, IpeEak = 1.35A. 
Duty Cycle < 2% mpedance Curve (Figure 5). (See Figure 15.) 


IRFF310, IRFF311, IRFF312, IRFF313 IRFF310R, IRFF311R, IRFF312R, IRFF313R 


Ip. ORAIN CURRENT (AMPERES) 


Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. 


—— 80 ws PULSE TEST 


Ip, ORAIN CURRENT (AMPERES) 


0 10 20 3.0 40 
Vos, ORAIN- TO SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. 


5.0 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


Ves, GATE. TO SOURCE VOLTAGE (VOLTS) 


Fig. 2 - Typical transfer characteristics. 


IRFF312R, 313R ii 


ai 


nA 


Tc = 25°C 

Ty = 150°C MAX. 
Rthyc = 8.33 K/W ~ = 
SINGLE PULSE —!RFFSTIA, 


IRFF310 
—+— 


“10 2 5 10 20 50 100 200 500 


Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 4 - Maximum safe operating area. 


—_asaaesiias 


ae = 


—— eet sCNoTES 
Baal 


—-_an 


THERMAL IMPEDANCE (PER UNIT) 


i Sageseeeee 
as?’ 28 


mene 
SINGLE PULSE (TRANSIENT | 


THERMAL IMPEDANCE) 
| | | 


Zrnyclt)/Rinyc. NORMALIZED EFFECTIVE TRANSIENT 


19-9 2 5 10-4 2 5 19-3 


7 


1 DUTY FACTOR. D = iy 


2 PER UNIT BASE = Rynyc = 8.33 DEG C/W 


2 


5 


10-2 


2 


3 Tym - Tc = Pom 2thsclt) 


5 107! 2 5 10 2 5 10 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF310, IRFF311, IRFF312, IRFF313 IRFF310R, IRFF3117R, IRFF312R, IRFF313R 


gts. TRANSCONDUCTANCE (SIEMENS) 
lor. REVERSE DRAIN CURRENT (AMPERES) 


0 10 2.0 3.0 40 50 
Ip, DRAIN CURRENT (AMPERES) Vg, SOURCE TO DRAIN VOLTAGE (VOLTS) 
Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


~ 
> 


(NORMALIZED) 


= 
(= | 


RpS(on). ORAIN-TO-SOURCE ON RESISTANCE 


= 
a 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.75 0.2 
-40 0 40 80 120 160 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


Ciss = Cos + Cog, Cog SHORTED fe 

Cress = Cog = 

= Coss * Cay 4 
S OE Cas * Cog < 
wy = Cgs + Cog 
r 4 | = 
+ ¢ aw 
a Oo 
i=) cx 
.-¢ —_ 
a i=) 
< ” 
bad ° 
oO o 
< 

Oo 

” 

oO 

> 

FOR TEST CIRCUIT 
SEE FIGURE 17 
0 10 20 30 40 50 0 2 4 6 8 10 
Vos. ORAIN TO SOURCE VOLTAGE (VOLTS) Qy TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF310, IRFF311, IRFF312, IRFF313 IRFF310R, IRFF3117R, IRFF312R, IRFF313R 


2:5 


Rosion) MEASURED WITH CURRENT PULSE OF 

a 2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 

= EFFECT OF 2.0 us PULSE IS MINIMAL.) 

oO 

w 2.0 

2 = IRFF310, 311 
.-¢ a , 

= IRFF310R, 311R 
as <o15 

S i= 

ws a 

rd S IRFF313, 313 

3 > | IRFF313R, 313R 

= 2 1.0 T — 

Lrg 4 

2 ce 

a [==] 

a E 

§ 05 

n” 

(=) 

xc 

Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 

Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vps 


VARY tp TO OBTAIN 


VARY tp TO OBTAIN batted wo 
REQUIRED PEAK I, : L Res ‘ers 7 
1 Wj 
DUT = 2 
Vas = 10V tp Ves= 10V ; = 2 
i | te < 
c 
I Ow 
E;= 05BVpss Ec= 0.75BVpss ali. 1 3 
O.. 
Fig. 14a - Clamped Inductive Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 
BATTERY |}F 
a a 


Vgs = 10V 


PULSE WIDTH < 1445S 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT —K Ip CURRENT 
SAMPLING RESISTOR ~ SAMPLING RESISTOR 
Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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it HARRIS 


IRFF320/321/322/323 


IRFF320R/321R/322R/323R 


August 1991 


Features 

e 2.0A and 2.5A, 350V - 400V 

* rDS(on) = 1.82 and 2.52 

e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRFF320, IRFF321, IRFF322, and IRFF323 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF320R, IRFF321R, IRFF322R, and IRFF323R 
types are advanced power MOSFETs designed, tested, and 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 
TO-205AF 
BOTTOM VIEW 
SOURCE GATE 
(9) 

(9) 
DRAIN 
(CASE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 
The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFF320 IRFF321 IRFF322 IRFF323 
IRFF320R IRFF321R IRFF322R IRFF323R UNITS 

Drain-Source Vonage 11) ic cssuc cas sce cevecueanees nade Vos 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20k) (1)... 0... eee eee eee VDGR 400 350 400 350 V 
Continuous Drain Current 

Te 42S "0 acc ccscncessereoventeencseueet sce wend ID 2.5 2.5 2.0 2.0 A 
Pulsed Drain Curent) cc sccccs.cvtinenownesascnaeenaes IDM 10 10 8.0 8.0 A 
Sate SOUIES VONAIE ssavcavsax seonecucaserscauenace Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TEP A2S6 vic casexvvanrsve sea cs ate an ea8 bee seamen s Pp 20 20 20 20 W 
Linder DENG FAC ics dsc cides desenren ciweaeesanea wea 0.16 0.16 0.16 0.16 W/°C 
Inductive Current, Clamped accu ssscevns adena veunnenwa ILM 10 10 8.0 8.0 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............4.. Eas* 100 100 100 100 mJ 
Operating and Storage Junction .............e eee Ty TSTG@ -55to+150 -55to+150 -55to+150 -55to +150 °C 

Temperature Range 

Maximum Lead Temperature for Soldering ............055 TE 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Ty = +25°C to +150°C. 

2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 


Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


4. Vop = 40V, starting Ty = +25°C, L = 29.09mH, Regs = 50M, 
IPEAK = 2.5A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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IRFF320, IRFF321, IRFF322, IRFF323 IRFF320R, IRFF3217R, IRFF322R, IRFF323R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS |} MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss'_ | Vas = OV, Ip = 250yuA Lae | et we 
V 


IRFF320/322, IRFF320R/322R 


IRFF321/323, IRFF321R/323R | 350 | - | - | Vv | 
[GateThresholdvottage ———«dt Vasc) |Vos=Vas,Ip=2500ASSSCSC~dSCO |S SCT «| 


Gate-Source Leakage Forward less |VGs=20V ee ee oe ee 
Gate-Source Leakage Reverse lass. |VGs=-20V | = { =  {[ -100 | nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgs = OV | - { - | 250 | pA | 


Vps = Max Rating x 0.8, Vgg = OV, Ld 1000 


To = +1250C 
2.5 A 


On-State Drain Current (Note 2) 
IRFF320/321, IRFF320R/321R 
IRFF322/323, IRFF322R/323R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF320/321, IRFF320R/321R 


IRFF322/323, IRFF322R/323R 


ID(ON) | YDS > ID(ON) X DS(ON) Max, Vgg = 10V 


(DS(ON) | VGS = 10V, Ip = 1.25A 


Total Gate Charge | Oo 
(Gate-Source + Gate-Drain) 
[Gate-SourceGharge_———S=*dtCgs 


Gate-Drain (‘‘Miller’) Charge | Qgq | 
JC 


Internal Drain Inductance 
PRuc [| STSCI 
Ce Lc OR MR 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current integral reverse 
| (Body Diode) (Note 3) P-N junc. rectifier. 


Vpp ~ 0.5BVpss; Ip = 2.5A, RG =9.1N 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 

temperature) 


Vas = 10V, Ip = 2.5A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


” 
ty 
7 iu 
= WY 
=O 
<= 
9 i 
za 

re) 
oO. 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from 
the drain lead, 
5.0mm (0.2 in.) 
from header 

to center of 
die. 
Measured from the 
source lead, 5.0mm 
(0.2”) from 

header to source 
bonding pad. 


Internal Source Inductance 


Junction-to-Case 


Diode Forward Voltage (Note 2) Ty = +259C, Is = 2.5A, Vas = OV Po o- fe 
Ty = +1500C, Ir = 2.5A, di¢/dt = 100A/us 
| QrR_ | Ty=+1500C, Ip = 2.5A, dif/dt = 100A/us 


S 


Forward Turn-on Time 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +1509°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 40V, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal L= 29.09mH, Res = 500, IpgEak = 2.5A. 
ms Impedance Curve (Figure 5). (See Figure 15.) 


Duty Cycle < 2% 
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IRFF320, IRFF321, IRFF322, IRFF323 IRFF320R, IRFF321R, IRFF322R, IRFF323R 


80 us i = 


Vos > AD r RoS(on) 


Li tt En? 2a 
BERR) ie 


Ty = 259°C 


Zan ev (ie 
SERRA Ae 
pt tt TT | Ag 


Ip, DRAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 


0 4 8 12 16 20 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


Po a 

" || | OPERATION INTHISAREA ||/1| | | | | 

ne | tt ae 320, 1 ITZ IS LIMITED BY Rosion) ~= LTTE TT 
80 us PULSE TEST S20R, 1R IVa ull 


10 ptt} ptt 
02, 0/922R, OMAR te RE NPE 
Rees :8..° Seaman LJ 


=. Ty 
a N10 ys ae eee 
am Sarin, geen aes eee 
quesaner aecs SOSTHISST I mame 
avaniihinse SCOT 
no SONICS 


[ane GS CSS es 
a OOO oe OD a yg te <- oo ee Se ee 


= eos 
ts NOT at acti 
b. GR Wi | Be0ela 


emas =a 
CH 
SSE TIN PSO 
FECHA B10 ms 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


4.5V 


| Te = 250C HINES 
T) = 150°C MAX. SAUiililims P [100ms | | 
A 53. CSS SS 

SOMGtlimeet a 3R 320, 2/320R,2A 
0.01 SoH | Hf 


H—+ Rthsc = 6.25 K/W Series . =e 
10 2 5 10 20 50 100 200 500 


moeee 
SINGLE PULSE ont | po 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


—_ = 
—-4 +++ 1. DUTY FACTOR, D= +t 
Scesinoe : eis © 


=e PULSE (TRANSIENT Sasiiimemeeeitien 2. PER UNIT BASE = Reh = 6.25 DEG. C/W. 
THERMAL IMPEDANCE) 


SS eee $ Tam Te" Pom Zinc 
“19-5 on 5 p42 5 19-3 5 9-2 5 gel 5 19 2 510 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Zthyc(t/ Ringe. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF320, IRFF321, IRFF322, IRFF323 IRFF320R, IRFF321R, IRFF322R, IRFF323R 


Qts. TRANSCONOUCTANCE (SIEMENS) 


y Scone 
2c 
Ae 

COP EEC 


Ip, ORAIN CURRENT (AMPERES) Vgp. SOURCE TO-ORAIN VOLTAGE (VOLTS) 


lpr. REVERSE DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


N-CHANNEL 
POWER MOSFETs 


(NORMALIZED) 
(NORMALIZED) 


Rps(on). ORAIN-TO-SOURCE ON RESISTANCE 


BVpss. DRAIN TO SOURCE BREAKDOWN VOLTAGE 


-40 0 40 80 120 160 -40 0 40 80 120 160 
Ty, JUNCTION TEMPE RATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


~. 


Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


1000 

800 Ciss = Cgg + Cog, Cys SHORTED a“ 

Tee. 

Cys Coa > 

Coss = Cas + = 

re oss ~ “ds Cos * Cod : 

ws Cys + C = 

PUN : 

= ». > 

5 oO 

: | ioe : 

<= 400 a 

bas z 
o 

< 

iF 

FOR TEST CIRCUIT 
SEE FIGURE 17 
0 10 20 30 40 50 0 4 , 3 7 =" 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qy. TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF320, IRFF321, IRFF322, IRFF323 IRFF320R, IRFF321R, IRFF322R, IRFF323R 


7 Pm ttt 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 


2 | EFFECT OF 2.0 us PULSE IS MINIMAL ) 
=x 
S 2.0 
ws _ IRFF320, 321 
z a IRFF320R, 321R 
< c 
— 
a a 
e = 15 IRFF323, 323 
z = IRFF323R, 323R 
Oo 4 
~ & 
c c 
= 3 
= = 
2 fan) 
cx 3 
(=) 
+ 0.5 
o 
DB 
i=) 
[eq 

0 

25 50 75 100 125 150 

Ip. DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Res 


Vas = 10V DUT 
Ge ip Ves= 10V P< 
p 
IL 
E,= 05 BVpss Ec= 0.75 BVpss = 
Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
rn TYPE 
12V |0.2 AS DUT 
Rp BATTERY | }F 
ue ok 
Vos 
DUT 
Rg i 


Vgs = 10V 


PULSE WIDTH < 1S : | ] [Sma 


DUTY FACTOR < 0.1% -Vpos 
IG CURRENT —L- Ip CURRENT 
=" SAMPLING RESISTOR — SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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co? HARRIS IRFF330/331/332/333 
IRFF330R/331R/332R/333R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
TO-205AF 
® 3.0A and 3.5A, 350V - 400V BOTTOM VIEW 
* fDS(on) = 1.02 and 1.52 
e Single Pulse Avalanche Energy Rated* GATE 
soe —_ SOURCE 
e SOA is Power-Dissipation Limited 0 
e Nanosecond Switching Speeds 5 a 
e Linear Transfer Characteristics DRAIN 
(CASE) 
© High Input Impedance 
Description 
The IRFF330, IRFF331, IRFF332, and IRFF333 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF330R, IRFF331R, IRFF332R, and IRFF333R N-CHANNEL ENHANCEMENT MODE ” 
types are advanced power MOSFETs designed, tested, and 4 ir 
guaranteed to withstand a specified level of energy in the D Ly Le 
; 2=W 
breakdown avalanche mode of operation. All of these power me) 
MOSFETs are designed for applications such as switching qt = 
regulators, switching converters, motor drivers, relay drivers, © 
and drivers for high-power bipolar switching transistors G z= 
requiring high speed and low gate-drive power. These types O 
can be operated directly from integrated circuits. a. 
The IRFF types are supplied in the JEDEC TO-205AF (Low S 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRFF330 IRFF331 IRFF332 IRFF333 
IRFF330R IRFF331R IRFF332R IRFF333R UNITS 

Drain-Source Voltage (1) 2... .ccnccaenecunsecenscaas Vps 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20kK{) (1)...... ce eee ee eee VDGR 400 350 400 350 V 
Continuous Drain Current 

TASES sc cenaswnsoerenoaaoanvadve soa cneseewsess Ip 3.5 3.5 3.0 3.0 A 
Pulsed Drain Current (2) « .0c<wccvew newnn oon uae wewewns lomM 14 14 12 12 A 
Gate-Source VONAGE ccscscvscrcsascsdunseeves vances Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

TES PAINS ovine navesseereavenns aes i904 055 snessnes Pp 25 25 25 25 W 
Liriear Derating Factor... cc ekus ae cnn cne cance ccassveeesass 0.2 0.2 0.2 0.2 W/°C 
inductive Gurrent, Clamped coca cssksenesawas cas ene news ILM 14 14 12 12 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4).............. Eas” 300 300 300 300 mJ 
Operating and Storage Junction ...............45. Ty, TSTG -55to+150 -55to+150 -55to+150 -55to +150 oC 

Temperature Range 
Maximum Lead Temperature for Soldering ..............- Th 300 300 300 300 °C 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = 50V, starting Ty = +25°C, L = 42.85mH, Res = 252, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK ™ 3.54. See Figure 15. 


- 3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFF330, IRFF331, IRFF332, IRFF333 IRFF330R, IRFF331R, IRFF332R, IRFF333R 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_|Vas= OV, Ip = 250A 
IRFF330/332, IRFF330R/332R 


San | us 


IRFF331/333, IRFF331R/333R eae 
[Gate ThresholdVoltage ——=«( Vasc) [Vps=Vas ID=2500A—SSC~=~dE=C( OT ~~ ~«d| «| 


(Guie-SourcoLookage Forward | agg [Vase2 YT - T -) t00 | 
[Gate-Source Leakage Reverse [less |Vas=-200 > = 100k 
Zero Gate Voltage Drain Current “ Vps = Max Rating, Vgs = OV | - | - | 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 HA I 
To =+1259C 
3.5 A 
: A 


VGs = 10V, Ip = 2.0A 


On-State Drain Current (Note 2) 
IRFF330/331, IRFF330R/331R 
IRFF332/333, IRFF332R/333R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF330/331, IRFF330R/331R 


IRFF332/333, IRFF332R/333R 


Vas = OV, Vps = 25V,1= 1.0MH 
aa Capacitance See Figure 10 


'DS(ON) 


ae T= | oF | 

TTum-OnDelayTime __——«d;:‘taion)_| VDD = 178V, Ip =35A, Rg =9.10 C- [| - [| 9% | ns | 

a CO el ns Se robe apie ig Ps 
are essentially independent of operating 

HOFF) | temperature) pons | 

FallTime = | Time pons | 


Total Gate NE on ae = 10V, Ip = 3.5A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

t h (Gate charge is essentially independent of 
Seale “poutae ualge | gs operating temperature.) 
Gate-Drain (“Miller”) Charge Sad 


Internal Drain inductance 


Modified MOSFET 
symbol showing the 


Measured from 
the drain lead, 


5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 


die. 
Measured from the 
source lead, 5.0mm 


internal Source Inductance 


(0.2”’) from 
header to source 
bonding pad. 
See gg er 


a Gn RL 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note2) | Vsp_ | Ty=+25°C, Is =3.5A, Vs = OV 
Reverse Recovery Time Ty = +1500C, Ip = 3.5A, dig/dt = 100A/us 
Reverse Recovered Charge | QRR_ | Ty=+1500C, Ip =3.5A, dig/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = SOV, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300ys junction temperature. See Transient Thermal L = 42.85mH, Regs = 250, Ipeak = 3.5A. 
, " Duty Cycle < 2% Impedance Curve (Figure 5). (See Figure 15.) 
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IRFF330, IRFF331, IRFF332, IRFF333 IRFF330R, IRFF3317R, IRFF332R, IRFF333R 


80 us P TEST ! 
ph us PULSE TES | 80 us PULSE TEST Pt | 
a & 2 
w l> f 
a = 
= 5 E 
< = 
i eee ae eS ee aes ee See ee 2 
2 Nabe 
= 4 
ce = 
= =) 
o 2 
z 3 < 
z c 
e i=) 
F 2 
= 2 
1 
0 50 100 150 200 250 300 Vgs, GATE TO SOURCE VOLTAGE (VOLTS) 


Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
— Fig. 2 - Typical transfer characteristics. 
Fig. 1 - Typical output characteristics. 


ameattill -OPERATION IN THIS AREA it 
IRFF330R, 231 ia IS LIMITED BY oo 


== htt =: oa oS 
—_— one Ge Oss same eo aa 
amas) so), ae, a oe Tl ae oa oad sae oe 
NEE Ca or Uj 
Tmt AT 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


| IRFF331R, 3 3R. 


“10 2 5 10 20 50 100 200 500 


Vg. ORAIN TO SOURCE VOLTAGE (VOLTS) 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum sate operating area. 
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0.1 
0.08 —— Sassi ease ‘. DUTeeantn te uy 
Ser mes 1a ane 
oe ui anagem eRe 2, PER UNIT BASE © Rinjc * 6.0 DEG. C/W. 
oe ee PTI T ur THERMAL MEDAN TE TT ®t Te Po 2c 
oe — 6 10-4 2 5 10°3 2 5 1072 2 6 10°! 2 5 1.0 2 5 10 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


THERMAL IMPEDANCE (PER UNIT) 
Qo 
~ 


Zeruc(t)/ Regge. NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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N-CHANNEL 
POWER MOSFETs 


IRFF330, IRFF331, IRFF332, IRFF333 IRFF330R, IRFF331R, IRFF332R, IRFF333R 


10 


Ofs. TRANSCONDUCTANCE (SIEMENS) 


Mer | i | 
Yi — 
ae Vos > 'D(on) * Ros(on) max. 
PCE eer To 
2 4 6 8 10 0 2 3 4 


Ip. ORAIN CURRENT (AMPERES) Vsgp. SOURCE. TO DRAIN VOLTAGE 'VOLTS) 


Ion. REVERSE DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


(NORMALIZED) 


ROS(on)- DRAIN TO SOURCE ON RESISTANCE 


BVpss. DRAIN TO SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty JUNCTION TEMPERATURE 19C) Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


1600 Cigg = Cop + Cog, Cog SHORTED a 
Cet = 
- gs “gd wu 
vey Cows * Cos * Co Cag o 
= 1200 - 
: : 
[re oOo 
Qo c 
= S 
S800 3 
(=) _ 
< 
— 
4 8 a 
wid > Ip = 7A 
FOR TEST CIRCUIT 
SEE FIGURE 17 
0 
Vos. ORAIN-TO-'SOURCE VOLTAGE (VOLTS) Qy. TOTAL GATE CHARGE ‘nC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF330, IRFF331, IRFF332, IRFF333 IRFF330R, IRFF331R, IRFF332R, IRFF333R 


a 
= 
23 
= 
w 4 
oO 
2 
< — 
-_ Oo 
2” cs 
a 3 
z > 3 IRFF330, 331 
5 < IRFF330R, 331R 
w c 
2 = 
4 = 
B 2 
° w 2 IRFF332, 333 
2 < |IRFF332R, 333R | 
: "ETT TT TTS 
fon) 
= 1 
E iain MEASURED wT CURRENT PULSE O ASRS. 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING \ 
negotiate SSSSSe888K' 
0 
25 100 125 150 
Ip, ORAIN CURRENT (AMPERES) bean CURRENT (AMPERES) 
Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vos 


VARY tp TO OBTAIN a. | Mega a Fun 
REQUIRED PEAK | 
i L Res Vpp = | Ee 
a) 
DUT S oO 
*ag= ty = 

tp Ves 10V tp <q = 
= x 
QO w 
ii zs 
E;= 0.5BVpsgs Ec= 0.75 BVpss == re) 
_ 0. 

Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 


Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 


+Vps 


CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 
R BATTERY |F 
. iF ok 
Vps 
DUT 
Rg il 
Vgs = 10V Op 


PULSE WIDTH < 1S ; | | | Sma 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT Ip CURRENT 


SAMPLING RESISTOR ~ SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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tf] HARRIS IRFF420/421/422/423 
IRFF420R/421R/422R/423R° 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 


TO-205AF 
e 1.4A and 1.6A, 450V - 500V : 


BOTTOM VIEW 


* DS(on) = 3.02 and 4.02 


® Single Pulse Avalanche Energy Rated* 


i SOURCE 
e SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics ‘CASES 


e High Input Impedance 


Description 


The IRFF420, IRFF421, IRFF422, and IRFF423 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 

transistors. IRFF420R, IRFF421R, IRFF422R, and IRFF423R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 

guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors 

requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFF420 IRFF421 IRFF422 IRFF423 
IRFF420R IRFF421R IRFF422R IRFF423R UNITS 


Drain-Source Voltage (1) 500 450 500 450 
Drain-Gate Voltage (Rqs = 20k2) (1) 500 450 500 450 
Continuous Drain Current 
1.6 1.6 1.4 1.4 
Pulsed Drain Current (3) 6.5 6.5 55 5.5 
Gate-Source Voltage +20 +20 +20 +20 
Maximum Power Dissipation 
To = +259C 20 20 20 20 
Linear Derating Factor 0.16 0.16 0.16 
Inductive Current, Clamped 6.5 6.5 55 5.5 
(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4) ss 210 210 210 210 mJ 
Operating and Storage Junction -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 300 Te; 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = 5OV, starting Ty = +25°C, L = 143.5mH, Rgg = 252, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PERG tasers SNe ee. 
3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 File Number 1 891 A 
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IRFF420, IRFF421, IRFF422, IRFF423 IRFF420R, IRFF4217R, IRFF422R, IRFF423R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_ | VGs= OV, Ip = 250A beetle | «| of 
500 V 


IRFF 420/422, IRFF420R/422R 


IRFF421/423, IRFF421R/423R | 450 | - | - | Vv | 
[Gate ThresholdVotage ——=«d Vas |Vos=VasIp= 25a SST 20 =| =O - ~Sd| 40 STC 


Gate-Source Leakage Forward Iess_ | Vag = 20V rT - | - | 100 | nA 
Gate-Source Leakage Reverse icss_ | Vas =-20V | =  [ = | -100 | nA | 
Zero Gate Voltage Drain Current Ipss Vps = Max Rating, Vgs = OV | - [ - | 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
To =+1259C 


On-State Drain Current (Note 2) 
IRFF420/421, IRFF420R/421R 
IRFF 422/423, IRFF422R/423R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF420/421, IRFF420R/421R 


IRFF 422/423, IRFF422R/423R 


Forward Transconductance (Note 2) Vos > ID(ON) X 'DS(ON) Max: !p = 1.0A 


ID(ON) | YDS > !D(ON) X DS(ON) Max, Veg = 10V 


TDS(ON) VGS = 10V,ip =1.0A 


Vas = 0V, Vpg = 25V, {= 1.0MHZ [=| -s00 [=| oF — 
See Figure 10 ee a 
Yop =058Vpeq,p=16A,Ag= 10 


Rise Time t See Figure 16. (MOSFET switching times 
are essentially independent of operating 
Turn-Off Delay Time td(OFF temperature) 
Fall Time | te | 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


VGS = 10V, Ip = 1.6A, Vpg = 0.8 Max 


Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


tf 
e 
| Qgd 

Lp Measured from Modified MOSFET 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 9D 
die. 


” 
tu 
7 i 
= 
=O 
c= 
=o 
2% 
= 

re) 
a 


Measured from the 
source lead, 5.Omm 
(0.2”) from 

header to source 
bonding pad. oS 


internal Source Inductance 


Junction-to-Case 


Junction-to-Ambient 


. ieee 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Is Modified MOSFET D 
(Body Diode) symbol showing the 
ISM integral reverse 
P-N junc. rectifier. G 
S 


(Body Diode) (Note 3) 


Pulse Source Current 
Diode Forward Voltage (Note 2) Ty = +2596, Ig = 1.6A, Veg = OV 


Reverse Recovery Time Ty = +1500°C, Ip = 1.6A, die/dt = 100A/us | 600 | - | ns | 
Reverse Recovered Charge Ty = +15009C, IF = 1.6A, dif/dt = 100A/us | 35 | - | wc | 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 5OV, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal L= 143.5mH, Res = 252, Ipeak = 1.6A. 
Impedance Curve (Figure 5). (See Figure 15.) 


Duty Cycle < 2% 
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IRFF420, IRFF421, IRFF422, IRFF423 IRFF420R, IRFF421R, IRFF422R, IRFF423R 


3 % 
ce ec 
~ & 
3 z 
= tes 
a 2 
wi = 
x ec 
5 = | 
Pa) oO 
z z 
< = 
= o 
3 3 
0 50 100 150 200 250 : : , F 8 10 
Vs. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs. GATE TO. SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


420, 1/420R, 1R ee a Saeee Ss one SS ee aoe San es ew a: 
80 us PULSE TES -—B. .c_. Uae 


Ip. DRAIN CURRENT (AMPERES) 
Ip. ORAIN CURRENT (AMPERES) 


Ty = 180°C MAX. 
Ringe = 6.25 K'W 
SINGLE PULSE 


1.0 2 ) 10 20 50 100 200 500 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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le Sr 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF420, IRFF421, IRFF422, IRFF423 IRFF420R, IRFF4217R, IRFF422R, IRFF423R 


=e 
[y= 109 | ae 
—— ar sae 


a. TRANSCONDUCTANCE (SIEMANS) 
lpr, REVERSE DRAIN CURRENT (AMPERES) 


Vsp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Ip, ORAIN CURRENT (AMPERES) 
Fig. 7 - Typical source-drain diode forward voltage. 
Fig. 6 - Typical transconductance vs. drain current. 


N-CHANNEL 
POWER MOSFETs 


0.85 


BVoss. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
ROS (on). ORAIN- TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0.75 


40 120 160 40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


C, CAPACITANCE (pF) 


Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip = 3A 
FOR TEST CIRCUIT 
SEE FIGURE 17 


0 10 20 30 40 50 0 4 8 2 16 20 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy, TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


4-471 


IRFF420, IRFF421, IRFF422, IRFF423 IRFF420R, IRFF421R, IRFF422R, IRFF423R 


#8 Bears 
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2 Ney MEASURED WITH CURRENT PULSE OF 
ans DURATION. INITIAL Ty = 25°C. (HEATING 
‘ Srey OF 2.0 us PULSE IS MINIMAL.) 
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Ip, DRAIN CURRENT (AMPERES) Tc. CASE TEMPERATURE (°C) 
Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Res 


Vpp 
Vag = 10V DUT _ 
p 
IL 
E, = O.5BVpss Ec= 0.75 BVpss == 
Fig. 14a - Clamped Inductive Test Circuit Fig. 15a - Unclamped Energy Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V |0.2 AS DUT 
Rp BATTERY '}F 
an oe 
Vps 
DUT 
Re + 


Ves = 10V 


PULSE WIDTH < 11:8 : [ _ | | 1.5mA 


DUTY FACTOR < 0.1% -Vp 
IG CURRENT Ip CURRENT 
= SAMPLING RESISTOR — SAMPLING RESISTOR 
Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 


4-472 


i HARRIS IRFF430/431/432/433 
IRFF430R/431R/432R/433R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 


e 2.25A and 2.75A, 450V - 500V TO-205AF 


BOTTOM VIEW 


* FDS(on) = 1-5 and 2.0 


e Single Pulse Avalanche Energy Rated* 
, oe a SOURCE 
e SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFF430, IRFF431, IRFF432, and IRFF433 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 

transistors. IRFF430R, IRFF431R, IRFF432R, and IRFF433R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 

guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors 

requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


# 
tu 
= i 
= 
=O 
< = 
ou 
za 

re) 
ew 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFF430 IRFF431 IRFF432 IRFF433 
IRFF430R IRFF431R IRFF432R IRFF433R UNITS 


Drain-Source Voltage (1) 500 450 500 
Drain-Gate Voltage (RGs = 20k) (1) 500 450 500 
Continuous Drain Current 
2.75 2.75 225 
Pulsed Drain Current (3) 11 11 9.0 
Gate-Source Voltage +20 +20 +20 
Maximum Power Dissipation 
To = +259C 25 25 25 
Linear Derating Factor 0.2 0.2 0.2 
Inductive Current, Clamped 11 11 9.0 
(See Figure 14, L = 100uh) 
Single Pulse Avalanche Energy Rating (4) 300 300 300 300 
Operating 2nd Storage Junction -§5to+150 -55to+150 -55to+150 -55to+150 
Temperature Range 
Maximum | ead Temperature for Soldering 300 300 300 300 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1.6Ty= +25°9C to +150°C. 4. Vpop = SOV, starting Ty = +25°9C, L = 69.42, Res = 509, 
2. Pulse Test: Pulse width < 300s, Duty Cycle < 2%. PEAR © Saoh Sen PRG 52 
3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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File Number 1894.1 


IRFF430, IRFF431, IRFF432, IRFF433 IRFF430R, IRFF431R, IRFF432R, IRFF433R 


Electrical Characteristics Tc = +25°C, Uniess Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| Vas = OV, Ip = 250A 
IRFF 430/432, IRFF430R/432R 


IRFF 431/433, iRFF431R/433R 


Taso | - | - |v 
[Gate ThreshoidVottage | Vasa |Vps=Vas.Ip=2500A——=SC~=~“~*~*~‘iC CS CSCdSC TC 
[Gate-SourceLeakageFoward | Igss |Vag=20V SCS «dit 


Sa a vs | 


Gate-Source Leakage Reverse lass |Vq@s=-20V | - | -  [ -100 | nA | 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgs = OV | - | - | 250 
Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
To = +125°C 
On-State Drain Current (Note 2) 
IRFF430/431, IRFF430R/431R 2.79 A 
IRFF432/433, IRFF432R/433R 225 | - | - [| A 
Static Drain-Source On-State TDS(ON) | VGS = 10V, Ip = 1.5A 
Resistance (Note 2) 
IRFF 430/431, IRFF430R/431R 1.3 15 c@) 
IRFF432/433, IRFF432R/433R ee ee 
Forward Transconductance (Note 2) Vps > ID(ON) X DS(ON) Max: !p = 1.5A | 15 | 25 7 - | SB) 
Input Capacitance Ciss__| Vas = OV, Vps = 25V, f = 1.0MHz | = {| 600 | - | pF | 
Output Capacitance Goss _| Se Figure 10 es ee a 
Reverse Transfer Capacitance Crss | = | 30 | = | pF 
Turn-On Delay Time Von =228V,Ip=276A Again |_- | - | 30] ns 
Rise Time See Figure 16. (MOSFET switching times 30 
[Aeetie | Yl easenteliyindcpendentatenecing = -— 1 1 
Turn-Off Delay Time t4(OFF)_| temperature) po 85 ns 
Fall Time es ee 
Total Gate Charge VGs = 10V, Ip = 2.75A, Vps = 0.8 Max 30 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge ; (Gate charge is essentially independent of 11 
[Gate-SourceCharge | Og | cc erating temperature.) re ee a 


Gate-Drain (“Miller”) Charge 
Internal Drain Inductance 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from 
the drain lead, 
5.0mm (0.2 in.) 
from header 

to center of 
die. 
Measured from the 
source lead, 5.0mm 
(0.2”) from 

header to source 
bonding pad. 


Internal Source Inductance 


Junction-to-Case 
Junction-to-Ambient 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P~-N junc. rectifier. G 
Ss 


Pulse Source Current a 
P- [tw] v_ 
| tr : 
ce 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 


(Body Diode) (Note 3) 
Ty = +1509C, Ip = 2.75A, dip/dt = 100A/ys | 800 | - | ons | 
Reverse Recovered Charge 


Ty= +1509G, Ip = 2.75A, di/dt = 100A/us _ 46 f= te 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpop = SOV, starting Ty = +25°C, 
2. Pulse Test: Pulse width < 300us, imo sy ear See oe Thermal! oe cone Regs = 50, IpeaK = 2.75A. 
Duty Cycle < 2% mpedance Curve (Figure 5). (See Figure 15.) 
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IRFF430, IRFF431, IRFF432, IRFF433 IRFF430R, IRFF431R, IRFF432R, IRFF433R 


Ig. URAIN CURRENT (AMPERES) 
ip ORAIN CURRENT (AMPERES) 


Vgs GATE TO SOURCE VOLTAGE VOLTS 


Vos. ORAIN TO SOURCE VOLTAGE (VOLTS) : ; _— 
Fig. 2 - Typical transfer characteristics. 


Fig. 1 - Typical output characteristics. 


OPERATION IN THIS AREA 
IS LIMITED BY Rosion) 


” 
tu 
ad 
wy 
432, 9/432R, SR z 
7 t PUTS zQ 
a 430, 1/430R, 1R rg = 
_ = < o 
2 = Ow 
2 - > 
= = ee 
< 2 re) 
: = a. 
x oO a 
3 2 . tes "2500 
2 & + Ty = 15000 MAX * 
aq a 
= i) —t Ringo - SOK W : 
2 
10 2 5 10 20 50 100 200 500 
Vos. ORAIN TO SOURCE VOLTAGE ‘VOLTS) Vps, ORAIN TO. SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical saturation craracteristics. Fig. 4 - Maximum safe operating area. 


0 


1. DUTY FACTOR. 0 = a 


en LLL 2. PER UNIT BASE = Rinjc = 5.0 0EG. C’'W 
trade uu Se ) 3. Tym - Tc = Pom Zthyc!t! 


Zthac(t)/ Ring. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


2 5 1-4 2 5 10-32 5 49-2 2 5 10-12 5 10 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF430, IRFF431, IRFF432, IRFF433 IRFF430R, IRFF431R, IRFF432R, IRFF433R 


Uts. TRANSCONDUCTANCE (SIEMENS) 


Ty = 150°C 


mak & 


Ion. REVERSE ORAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) Vgp, SOURCE-TO DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


BV pss, DRAIN TO SOURCE BREAKOOWN VOLTAGE 
(NORMALIZED) 
Rps(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (9C) 


Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


CAPACITANCE (pF) 


C, 


Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 


Ip = 6A 
FOR TEST CIRCUIT 
SEE FIGURE 17 


0 10 20 30 40 50 0 8 16 24 32 40 
Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Q,, TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF430, IRFF431, IRFF432, IRFF433 IRFF430R, IRFF431R, IRFF432R, IRFF4a33R 


S(on) MEASURED WITH CURRENT PULSE OF 
us DURATION. INITIAL Ty = 25°C. (HEATING 


28 


g EFFECT OF 2.0 us PULSE IS MINIMAL.) 
: n. SERRE 
= 2.4 
o 4 
: g - 
rs Ves * 10V IRFF430, 331 
% a Ld IRFF430R, 331R 
4 V6s = 20V = 18 i 
z = ~, | 
(—) a La IRFF433, 333 
o 3 ta IRFF433R, 333R 
= x ea 
8 5 N 
: z 12 Pp 
: 7a eeeNS 
Fa 2 ‘ 
A ett Et tT tT TT 
= 0.6 P 
: Pte t ttt tt wv 
o 
ec 
pT tT T tt i | ty 
| 0 
0 5 10 15 20 25 25 50 75 100 125 150 
Ip, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Figure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vps 


VARY tp TO OBTAIN VARY tp TO OBTAIN hai 
REQUIRED PEAK IL REQUIRED PEAK IL Res Wop jw 
-"s i, 
V 10V DUT = fe) 
GS tp Ves= 10V tp <= 
<o 
r 25 
E; = 0.5BVpssg Ec= 0.75BVpss =8 re) 
~ Q. 
Fig. 14a - Clamped Inductive Test Circuit 
Fig. 14b - Clamped Inductive Waveforms Fig. 15b - Unclamped Energy Waveforms 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
ma TYPE 
12V |0.2 AS DUT 
Rp BATTERY '}F 
Vps 
DUT 
I Rg + 
Vas = 10V ~ Vpp 
PULSE WIDTH < 11S , I _ | 1.5mA 
DUTY FACTOR < 0.1% -Vps 
IG CURRENT — Ip CURRENT 
SAMPLING RESISTOR ~ SAMPLING RESISTOR 


Fig. 16 - Switching Time Test Circuit Fig. 17 - Gate Charge Test Circuit 
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i“ HARRIS IRFP140R, IRFP141R 
IRFP142R, IRFP143R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated 


Features Package 
¢ 27A and 31A, 80V - 100V 
* 'DS(on) = 90-0772 and 0.0992 


TO-247 
TOP VIEW 


¢ Single Pulse Avalanche Energy Rated 


¢ SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRFP140R, IRFP141R, IRFP142R, and IRFP143R are Terminal Diagram 
advanced power MOSFETs designed, tested and guaranteed 


to withstand a specified level of energy in the breakdown N-CHANNEL ENHANCEMENT MODE 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors D 


designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated G 
directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. S 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFP140R IRFP141R IRFP142R IRFP143R UNITS 


Drain-Source VORAGE(T) oi scecsce tsess vessenes census Vos 100 80 100 80 V 
Drain-Gate Voltage (RGs = 20kK2) (1)... 2... cee ee ee eee VDGR 100 80 100 80 V 
Continuous Drain Current 
TG = POSSG scisetsevsiceseieccscnstecemessnns coons ID 31 31 27 27 A 
TG 1 ro ui ave neh devas ed ons nesses anaes ren deans Ip 22 22 19 19 A 
Pulsed Drain Curent) csiseccoscevene ces enape cde neas IDM 120 120 110 110 A 
Ge SOUCe VONAGE cit cenee coh endionennnanen ens Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
TP 426 CS costs cccceavccsoss seesaesonsesvenecsens Pp 180 180 180 180 W 
Linear Derating Facil ss cas cc caccccnevedreneanvaeronedcua 12 hee 1.2 12 W/°C 
Single Pulse Avalanche Energy Rating (4)............... Eas 100 100 100 100 mJ 
Operating and Storage Junction ............. ee eee TpyIsTG ~S5to+175 =-S5to+175 -55te+175 -55to+175 oC 
Temperature Range 
Maximum Lead Temperature for Soldering............... Th 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = 25V, starting Ty = +25°C, L = 160yH, Res = 502, 
2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. PEAK = O14, Boe Figuies 14end'16. 
3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2086 1 


Copyright © Harris Corporation 1991 
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Specifications IRFP140R, IRFP141R, IRFP142R, IRFP143R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250uA 
IRFP140R, IRFP142R 


Fa | ws 


fro | - | - |v 


IRFP141R, IRFP143R | BO | - {| - [| V | 
[GateThresholdVoltage ___——_—~dt Vasqm |Vps=Vas,ip=2500A—=S=S=~S~—~sSCi STS ~SCdY «S| 
[Gate-SourceLeakageForward | _Iess_|[Vas=20VSSSSSSCSCSC~dCCS «dS «iY «OO [=A 
[Gate-SourceLeakageReverse | iss |Ves=-20V CT | (i 100 [mA 


Zero Gate Voltage Drain Current 


Vps = Max Rating, Vas = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +1259C 


S 


2 
stele alafetelalsfetglal> p> | of 


IDss 


On-State Drain Current (Note 2) ID(ON) | YDs> ID(ON) X DS(ON) Max, Vas = 10V on 
IRFP140R, IRFP141R 3 
IRFP142R, IRFP143R 27 | - | 

Static Drain-Source On-State 'DS(ON) | VGS = 10V, Ip =19A ‘soss: 

Resistance (Note 2) 

IRFP140R, IRFP141R 

IRFP142R, IRFP143R 0.077 | 0.099 
Vas = OV, Vps = 25V, f= 1.0MHz 127 
See Figure 10 


Reverse Transfer Capacitance 
Turn-On Delay Time N) | Vpp = 50V, Ip = 28A, Rg =9.1N, RD = 1.80 
See Figure 16. (MOSFET switching times 7 
- are essentially independent of operating 
Turn-Off Delay Time temperature) 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge . 


Gate-Drain (‘‘Miller’) Charge 
Internal Drain Inductance 


‘@) 


Vas = 10V, Ip = 34A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


.@) 


O 


Measured between Modified MOSFET 
the contact screw on | symbol showing the 
header thatis closer | internal device 

to source and gate inductances. 

pins and center 

of die. 


0 


S| «(5918/2 
‘oe O o 
2 © |B | 


Oo ak 
alk ee mea] 
ié,) 


[o) © walks 
. ~ oO 
© 


Internal Source Inductance Ls Measured from the 

source lead, 6mm 

(0.25”) from header 

and source bonding 

pad. 
Junction-to-Case Rec OC/W 

Recs __ | Mounting surface flat, smooth and greased f 

Junetion- to Ambien Roya [Freearoperaton = = | Pom 


Source Drain Diode Ratings and Characteristics 
i 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Pulse Source Current 
(Body Diode) (Note 3) 
Diode Forward Voltage (Note 2) Ty = +259, Ig = 31A, Vas = OV i ee ee 
Reverse Recovery Time | try «=| Ty = +259C, Ip = 28A, dif/dt = 100A/us | 70 | 150 | 300 | ns | 
Reverse Recovered Charge | Qrr_ | Ty=+259C, Ip = 28A, dif/dt = 100A/us | 0.44 | 091 | 19 | wo | 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +259C, L = 160yH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 50N, IpeaK = 31A. 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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IRFP140R, IRFP141R, IRFP142R, IRFP143R 


(AMPERES) 
(AMPERES) 


Ip. DRAIN CURRENT 
DRAIN CURRENT 


+p: 


7 


10 20 30 40 SU 3 4 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vgg: GATE-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


: id 
uJ WwW 
oO a 
= = 
= a 
q x 
S 3 
5 z 
c < 
5 5 
2 a 
) 5.0 1 c 2) 10 é 5 4 ye rig 2) 103 
Vos: “DRAIN-TO-SouRCE VOLTAGE (VOLTS) Vpg: DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 


_— 
© 


1072 “a INGLE PULSE 
pe * (THERMAL RESPONSE) 2 


1. DUTY FACTOR, D=t,/t> 


1073 ei ee RT 2. PEAK TurPom X 4thuc * 'c 
107° 1074 1079 10°@ 0.4 4 10 


t,, RECTANGULAR PULSE DURATION (SECONDS) 


THERMAL RESPONSE (Zp jc) 
O 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFP140R, IRFP1417R, IRFP142R, IRFP143R 


= (7) 
= & 
uw a 
rm 3 
D — 
me 
: 
= oa 
< = 
Q ro) 
5 = 
<a 
s 2 
3 2 
om uw 
> 
a & 
o a 
eT 
0.0 0.6 t.2 1.8 2.4 30 
Ip. DRAIN CURRENT (AMPERES) Vop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
3. 
tw lJ 
wo [Be | 
a a 
aad =< 
: o : 
a 7 
3 2 mY 
4 5 > Yy) 
a e) 
w sa: z= 
joa) r= a WwW .- 
“ SN x © 
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acs 1 << 
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© Q 
> GE 
oa) 
5) 7S dv 
"2560-40-25 0 20 49 60 30 100 1420 140 160 180 “"260-40-29 0 20 40 60 BU 190 120 140 160 180 
Ty, JUNCTION TEMPERATURE ( °C) Ty. JUNCTION TEMPERATURE ( °C) 
FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 
3900 
4. gg SHORTED = 
= 
2A00 5 
7 ¥ Boe Cog f Megg * Gag) = 
ie ‘ie. * By tw 
8 oe IL : Y, 
uw 1800 OT = 4 
oO > 
ci “iss | a i WW Y, 
HH og 
5 N\ : mall = 
ao 12900 . - n 
3 NY i 2 
eC 
500 ES o 
o eed 
> FOR TEST CIRCUIT 
ij SEE FIGURE 17 
(0) = 
1 e 5 10 2 5 102 
Vpg- ORAIN-TO-SOURCE VOLTAGE (VOLTS) Gg. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRFP140R, IRFP1417R, IRFP142R, IRFP143R 


DRAIN-TO-SOURCE ON RESISTANCE 
ro) 


Ros (on) 


0 25 50 75 100 125 
Ip. DRAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON-RESISTANCE VS DRAIN CURRENT 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK 1, 


DRAIN CURRENT 


nee 
SS 

PEEPS 

HERE EEE 


29 50 75 100 125 150 175 
Tc. CASE TEMPERATURE (°C) 


Lp: 
@ 


FIGURE 13. MAXIMUM DRAIN CURRENT VS CASE 
TEMPERATURE 


Vpp 
Ves= 10V 
tp 
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
a TYPE 
12V |0.2 AS DUT 
Rp BATTERY |}F 
= 


DUT 


K Rg La 
Ves= 24 | ~ Yop 


PULSE WIDTH < 1S 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 
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“Vos 
Ig CURRENT —L Ip CURRENT 
SAMPLING RESISTOR ~ SAMPLING RESISTOR 


FIGURE 17. GATE CHARGE TEST CIRCUIT 


i HARRIS IRFP150/151/152/153 
IRFP150R/151R/152R/153R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features Package 
e 34A and 40A, 6OV - 100V 
* (DS(on) = 9.0552 and 0.082 


TO-247 
TOP VIEW 


e Single Pulse Avalanche Energy Rated* 
e SOA is Power-Dissipation Limited 


¢ Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFP150, IRFP151, IRFP152, and IRFP153 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 

transistors. IRFP150R, IRFP151R, IRFP152R, and IRFP153R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 

guaranteed to withstand a specified level of energy in the D 
breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors G 

requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic S 
package. 


” 
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Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFP150 IRFP151 IRFP152 IRFP153 
IRFP150R IRFP151R IRFP152R IRFP153R UNITS 

Drain-Source Voltage (1) csisccons cecsavevaceasweense Vos 100 60 100 60 V 
Drain-Gate Voltage (RGS = 20kK1) (1)... ... eee ee eee ee VDGR 100 60 100 60 V 
Continuous Drain Current 

I © take xd OR PETER TR TPE COETES TRIE LECER TER eee Ip 40 40 34 34 A 

Ti F100 cone teens eee esaden bas Hinged eneneeEeen Ip 26 26 22 22 A 
Pulsed Dein CUITGIH (2) sc vaeadsencvadannassce ee ned enws IDM 160 160 140 140 A 
Gate-Source VONAGS «ics ccsis san ennon vac nenes sau nns Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

TTS neste chs senns cbr denewne ter tan cesaw sass Po 180 180 180 180 W 
Linker Dersuig FAROE aici scdceas ntend ose eee nears nea news 1.44 1.44 1.44 1.44 W/9C 
inductive Current, CIAMpPe6d 66 vesacnsvvsnns exvans ne wees ILM 170 170 140 140 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............4. Eas* 150 150 150 150 mJ 
Operating and Storage Junction ..........e eee Ty TSTG -55to+150 -55to+150 -55to+150 -55to +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 3. Repetitive Rating: Pulse width limited by max. junction temperature. See 


Transient Thermal Impedance Curve (Figure 5). 
4. Vop = 10V, starting Ty = +259C, L = 170uH, Regs = 500, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


IPEAK = 40A. See Figure 15. 
* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFP 750, IRFP157, IRFP152, |IRFP153 IRFP7150R, IRFP1517R, [RFP 152R, IRFP153R 


Electrical Characteristics Tc = +259C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_ | Vqas= OV, Ip = 250A Le tale 
100 V 


IRFP150/1 52, IRFP150R/152R 


IRFP151/153, IRFP151R/153R | 60 | - | - [| Vv | 
[Gate ThresholdVoltage__—_—*t Vasc) |VpS=Vas, Ip=250"A—S~—~idCi | - Cd| CO] 


[Gate-Source LeakageFoward | legs [Vag ev 500 
[Gate-Source Leakage Reverse | less |Vas=-200 800 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgs = OV | = | = | 250 |] pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 pA 
To =+1259C 


On-State Drain Current (Note 2) ID(ON) | VDS> !D(ON) X DS(ON) Max: VGS = 10V 
IRFP150/151, IRFP150R/151R 


A 

InFPTS2/153,1RFP1SR/I53R a es ae 
Static Drain-Source On-State DS(ON) | VGsS = 10V, Ip = 22A 
Resistance (Note 2) 

IRFP150/151, IRFP150R/151R 0} 

iAFPTS2/T5S,IRFP 1S2R/IEOR ae a 
Forward Transconductance (Note 2) Vps = 2x VGS, Ip = 20A | 13 | 20 | - | SU) 
Input Capacitance Ciss_ | Vas =OV, Vps = 25V, f = 1.0MHz | = | 2000 | - | pF | 


See Figure 10 


Output Capacitance Coss 
Reverse Transfer Capacitance Crss 
Turn-On Delay Time | tq(On) | VoD = SOV, Ip = 40A, Rg = 6.82 


See Figure 16. (MOSFET switching times 
- | tr are essentially independent of operating 
Turn-Off Delay Time td(OFF temperature) 
Fall Time 
Total Gate Charge Vas = 10V, Ip = 40A, Vps = 0.8 Max nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 


Gate-Source Charge | Qgs (Gate charge is essentially independent of 
pins and center of 


operating temperature. 
Gate-Drain (“Miller”) Charge _ ia | ) 
y center of die. 


e 
Internal Drain Inductance Lp 
Ls Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


internal Source Inductance 


Junction-to-Case R 
Case-to-Sink R Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 

P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current Ism 
(Body Diode) (Note 3) 


oO 
h 
anh 


on 
Ww 


170 


Diode Forward Voltage (Note 2) 


Reverse Recovery Time 


Reverse Recovered Charge 


Forward Turn-on Time 


= 
1?) 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 10V, Start Ty = +25°9C, L = 170yH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, Ipeak = 40A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRFP 7150, IRFP1517, IRFP152, IRFP153 IRFP150R, IRFP1517R, IRFP152R, IRFP153R 


Bee 


Ip. ORAIN CURRENT (AMPERES) 


Ip. ORAIN CURRENT (AMPERES) 


Veg. GATE-TO- pe ae mare 


10 20 30 40 50 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


H——+- OPERATION IN THIS AREA LIMITED S++ 
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IRFP150, IRFP151, IRFP 152, IRFP153 IRFP150R, IRFP151R, IRFP152R, IRFP153R 
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IRFP150, IRFP71517, IRFP152,/RFP153 IRFP7150R, IRFP1517R, [RFP 152R, IRFP153R 
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uD 


HARRIS IRFP240R, IRFP241R 
IRFP242R, IRFP243R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated 


Features Package 
e 18A and 20A, 200V - 150V 
* rDS(on) = 0-182 and 0.220 


TO-247 
TOP VIEW 


® Single Pulse Avalanche Energy Rated 
@ SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRFP240R, IRFP241R, IRFP242R, and IRFP243R are Terminal Diagram 
advanced power MOSFETs designed, tested and guaranteed 


to withstand a specified level of energy in the breakdown N-CHANNEL ENHANCEMENT MODE 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors D 


designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated G 
directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. Ss 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
IRFP240R IRFP241R IRFP242R  IRFP243R UNITS 


Drain-Source Voltage (1) ..... cc scccenccsveccasencces Vos 200 150 200 150 V 
Drain-Gate Voltage (RGsS = 20k) (1)... .. eee eee ee eee VDGR 200 150 120 150 V 
Continuous Drain Current 
TOF HESS conewen ace nas encow swan eb enn ena tener ena Ip 20 20 18 18 A 
TE F100 i cciwccse tes asivensnesssteases ees oe ne Ip 12 12 11 11 A 
Pulsed Drain Curent (3) os isc essactetee sesewssesaavens IDM 80 80 72 72 A 
Gate-SOuUlrce VONAGE «sé cscs cnsccuse carne one enone Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
T= FOS oo cct eras eaedesedee awawnareseavesen nas Pp 150 150 150 150 W 
Linear DErating FaGtor. 104 oss cdceecs can feaed seu weees cow ae 1.2 1.2 1.2 1.2 W/°C 
Single Pulse Avalanche Energy Rating (4)...........006. Eas 510 510 510 510 mJ 
Operating and Storage Junction ..........c cece eee Ty, TsTG -55to+150 -55to+150 -55to+150 -55to+150 °C 
Temperature Range 
Maximum Lead Temperature for Soldering.............5. Ti. 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1.Ty= +25°C to +150°C. 4. Vpop = SOV, starting Ty = +25°C, L = 1.9mH, Res = 502, 


2, Pulse Test: Pulse width < 300s, Duty Cycle < 2%. PEAK ™ 20k, Sen Figures 14 and Te. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFP240R, IRFP247R, IRFP242R, IRFP243R 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss_ | Vgsg = OV, Ip = 250A he le 
200 V 


IRFP240R, IRFP242R 


IRFP241R, IRFP2AGR iso [ - | - |v] 
[Gate Threshold Voltage | Vestry [Vos=Ves p= 250A ——SC=~“*~*~idC CEC SSCid CC 


Gate-Source Leakage Forward less |Vags=20V | = | = | 100 | nA | 
Gate-Source Leakage Reverse Iess_ | Vas =-20V | = | = | -100 | nA | 
Zero Gate Voltage Drain Current Ipbss__| Vps = Max Rating, Vag = OV | = | = | 250 | pA | 


Vps = Max Rating x 0.8, Vgg = OV, 1000 uA 
Ty = +125°9C 
ID(ON) | YDS > !D(ON) X DS(ON) Max, Veg = 11V 
IRFP240R, IRFP241R 2 A 


0 
IRFP242R, IRFP243R 18 | - | - [| A | 


Static Drain-Source On-State DS(ON) | VGs = 10V, Ip = 10A 
Resistance (Note 2) 
IRFP240R, IRFP241R 0.14 0.18 9) 


On-State Drain Current (Note 2) 


iRFP242R, IRFP2ASR [= [020 [022 [a 
[Forward Transconductance (Note) | oie _|Vps=S0Vip=t1ASSSC~—CSC—C 7 | | (dC 


Vas = OV, Vps = 25V, f = 1.0MHz 
See Figure 10 


VppD = 100V, Ip = 18A, Rg = 9.19. 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 

temperature) 


VGs = 10V, Ip = 18A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 


Gate-Source Charge (Gate charge is essentially independent of 


operating temperature. 
Gate-Drain (‘Miller’) Charge ‘ 7 “ ) 
Internal Drain Inductance 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center 

of die. 


Internal Source Inductance Measured from the 
source lead, 6mm 

(0.25”) from header 
and source bonding 
pad. 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Dp | Ty=+25°C, Ig = 18A, Veg = OV 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time Ty = +2596, IF = 18A, dif/dt = 100A/us 
[ora [T= r 


Reverse Recovered Charge Ty = +2596, Ip = 18A, di¢/dt = 100A/us 


S 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls +Lp. 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limitea by max. 4. Vpp = SOV, Start Ty = +25°9C, L = 1.9mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, IpeEak = 20A. 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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IRFP240R, IRFP241R, IRFP242R, IRFP243R 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFP240R, IRFP2417R, IRFP242R, IRFP243R 
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IRFP240R, IRFP241R, IRFP242R, IRFP243R 


IRFP240, 241 
IRFP240R, 241R 


IRFP242, 243 
IRFP242R, 243R || SS I~ 


DRAIN-TO-SOURCE ON RESISTANCE 
ro) 


Ip. ORAIN CURRENT (AMPERES) 


ep ti 


E PE tT TEE LE L_LEL 
a 
e 
0). 0 
@) 15 30 45 60 75 25 50 75 100 125 150 
Ip. DRAIN CURRENT (AMPERES) Te. CASE TEMPERATURE (°C) 
FIGURE 12. TYPICAL ON-RESISTANCE VS DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS CASE 
TEMPERATURE 
Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


roel 
Ves= 10V 
tp 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
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i“ HARRIS IRFP244, IRFP245 
IRFP246, [RFP247 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated 


Features Package 
e 15A and 14A, 275V - 250V 
* fDS(on) = 9-282 and 0.342 


TO-247 
TOP VIEW 


e Single Pulse Avalanche Energy Rated 


e SOA is Power-Dissipation Limited 


¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

° High Input Impedance 

© 275V, 250V DC Rated - 120V AC Line System Operation 


Description Terminal Diagram 

The IRFP244, IRFP245, IRFP246, and IRFP247 are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested and guaranteed 

to withstand a specified level of energy in the breakdown D 


avalanche mode of operation. These are n-channel 

enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic Ss 
package. 


” 
to 
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Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFP244 IRFP245 IRFP246 IRFP247 UNITS 

Drain-Source VONAGE (1) cisvecvensexecnenseteensonne Vos 250 250 Zio 275 V 
Drain-Gate Voltage (RG@s = 20kK1) (1)...........0. 0 VDGR 250 250 2fs 275 V 
Continuous Drain Current 

TESTES S vccansccdenstessesnsiaseeedetuwncnewnes ID 15 14 15 14 A 

TES HOO; ieccecrewtnswsewnaseses paadcnssavenew’ Ip 9.7 8.8 9.7 8.8 A 
Pulsed Drain Cunrcat(S) «csisscccesccnascacaseaceeua ne IDM 60 56 60 56 A 
SGte-SOUICA VONEGS case csanacnsecensveaneseuneena Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TE FASS a sciccexccuenns de nniosetavesne nose ewenes Pp 150 150 150 150 W 
Linear Derating Factors <écvcavscwcawasessenes noes boone vue 12 1.2 1.2 12 W/9C 
Single Pulse Avalanche Energy Rating (4)............... Eas 550 550 550 550 mJ 
Operating and Storage Junction ...............585 Ty, Tstg -55to+150 -S5to+150 -55to+150 -S5to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = 5OV, starting Ty = +25°9C, L = 4.0mH, Regs = 250, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. a SS ee PRIVEE FSS oe 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Fil : 
Copyright © Harris Corporation 1991 e Number 221 1 1 
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Specifications IRFP244, IRFP245, IRFP246, IRFP247 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss _ | Vas=OV, Ip = 250yA 
IRFP244, IRFP245 


IRFP246, IRFP247 


[Gate Threshold Votegs | Vasamy [Vos = Vas 1p =28)A_ S20 eo 
[Gate-SourceLeekageFowad | lass [Vas=aov | 0 | 
[Gate-Source Leekage Reverse | Tass Vas=-20V = = 800 a 
Zero Gate Voltage Drain Current Vps = Max Rating, Ves = OV | - | = | 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 HA 
To = +1259C 


ID(ON) | YDS > !D(ON) x DS(ON) Max, Vgg = 10V 


On-State Drain Current (Note 2) 


IRFP244, IRFP246 15 A 
IRFP245, IRFP247 he re ee ee 
Static Drain-Source On-State DS(ON) | VGS = 10V, Ip = 10A 
Resistance (Note 2) 
IRFP244, IRFP246 0.20 0.28 N 
iRFP246, IRFP2A7 es re 
Forward Transconductance (Note 2) Vps > 5OV, Ip = 10A | 67 {| 1 | = [| SM) 


Tlurn-OnDelayTime ————*|«taON) 
7 
Total Gate Charge | So | 
(Gate-Source + Gate-Drain) 
[Gate-Source Charge Si*d;Cgs 
Gate-Drain (‘Miller’) Charge | Qgq | 
Internal Drain Inductance Lp 


Vpp = 125V, Ip = 15A, Rg = 9.1, 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 

temperature) 


Vas = 10V, Ip = 15A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from Modified MOSFET 
the drain lead, symbol showing the 
6mm (0.25”) internal device 

from package inductances. 

to center of 
die. 
Measured from the 
source lead, 6mm 
(0.25”) from package 
to source bonding 
pad. 


Internal Source Inductance 


Junction-to-Case ReJc 
Recs | Mounting surface flat, smooth and greased 


[Huncton-to-Ambient | Roya [Feearoneaton | = | ~*Y (80 Cm 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
G 
Ss 


Is 
Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Diode Forward Voltage (Note 2) Ty = +259C, Ig = 15A, Vgg = OV 

Reverse Recovery Time Ty = +250C, Ip = 14A, dig/dt = 100A/us } 150 | 300 | 640 | ns | 

Reverse Recovered Charge | Qrar_ | Ty =+25°C, Ip = 14A, diF/dt = 100A/us 
Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 
NOTES: 1. Ty = +259C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 4.0mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, Ipeak = 15A. 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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IRFP244, IRFP245, IRFP246, IRFP247 
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Fig. 1 - Typical output characteristics. 
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Fig. 3 - Typical saturation characteristics. 
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Fig. 2 - Typical transfer characteristics. 
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Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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N-CHANNEL 
POWER MOSFETs 


IRFP244, IRFP245, IRFP246, IRFP247 
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Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 8 - Breakdown voltage vs. temperature. 


Vgs = 0 V, f= 1 MHz 
Crss = Cga 
Coss = Cds + Cgs Cgaq/Cgs + Cod 


C, CAPACITANCE (pF) 
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Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44112 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 7 - Typical source-drain diode forward voltage. 


DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Rps(on): 
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Fig. 9 - Normalized on-resistance vs. temperature. 
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Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
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FOR TEST CIRCUIT | 
SEE FIGURE 17 
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Qg, TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFP244, IRFP245, IRFP246, IRFP247 


Aor 


a 
WW 
x 
WwW 
a 
= 
< 
= 
z 
tu 
x 
« 
= 
) 
z 
< 
4 
a 
a 


SSRRERER)/S 
pity A 
SERRE EEEY/ An 
si 7 
BRREEE/ ene 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 


ae 
Pt] | 
15 30 


ie] 5 60 75 
Ip, ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs case temperature. 
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Fig. 14 - Unclamped energy test circuit. Fig. 15 - Unclamped energy waveforms. 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
= TYPE 
12V {0.2 AS DUT 
Rp BATTERY '}F 
ilies 


I Rg + 
Vas= 4 | ~ Yop 
PULSE WIDTH < 1S ; | | {15m 
_ -V 


DUTY FACTOR < 0.1% 
IG CURRENT —L- Ip CURRENT 
= SAMPLING RESISTOR — SAMPLING RESISTOR 


Fig. 16 - Switching time test circuit. Fig. 17 - Gate charge test circuit. 
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i HARRIS IRFP250/251/252/253 
IRFP250R/251R/252R/253R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* | 
Features Package 
TO-247 
° 27A and 33A, 150V - 200V mate’ 


* rDS(on) = 9.0852 and 0.12020 
e Single Pulse Avalanche Energy Rated* 
¢ SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRFP250, IRFP251, IRFP252, and IRFP253 are Terminal Diagram 
n-channel enhancement-mode silicon-gate power field-effect 


transistors. IRFP250R, IRFP251R, IRFP252R, and IRFP253R N-CHANNEL ENHANCEMENT MODE 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the D 


breakdown avalanche mode of operation. All of these power 

MOSFETs are designed for applications such as switching 

regulators, switching converters, motor drivers, relay drivers, 

and drivers for high-power bipolar switching transistors G 
requiring high speed and low gate-drive power. These types 

can be operated directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic S 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFP250 IRFP251 IRFP252 IRFP253 
IRFP250R IRFP251R IRFP252R IRFP253R UNITS 

DIGiN=-SOUICS VOHSGE (1) oo wccctennewns deeies vasewnrs Vos 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20k) (1).......... eee eee VDGR 200 150 200 150 V 
Continuous Drain Current 

TS SOE vesupavasvedtecsencetacedd wey eundenvesx Ip 33 33 27 27 A 

etek dl (°,'. "eee Peet tere Tee tT ete Tree ee. ee err Ip 21 21 17 17 A 
PEtsed Drain Current) oie ae ne doees oe hed ees eenee wees IDM 130 130 110 110 A 
Gale" SOU VONAGE woe cae wana ce nes ane caw ax ewese Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

Me teks oP ETE TEC CET ET ESTE CORTE LOE Ce TET eer eee Pp 180 180 180 180 WwW 
Liviea? DGFAUNG FOCUN sous cic ca scncce sw und abe ei ees ie dee 2e 1.44 1.44 1.44 1.44 W/°C | 
mauctive Current, ClMPOG ws cscs cece eee neces news va ee ILM 120 120 100 100 A | 

(See Figure 14, L = 100uH) | 
Single Pulse Avalanche Energy Rating (4).............. Eas” 810 810 810 810 mJ 
Operating and Storage Junction ..............004. Ty TSTG ~S5to+150 -55t0+150 =5510+150 -55 to +150 ad ©) 

Temperature Range 

Maximum Lead Temperature for Soldering..............4. TE 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. Transient Thermal Impedance Curve (Figure 5). 

4. Vop = SOV, starting Ty = +259C, L = 1.1mMH, Rgs = 50N, 
| < = 33A. See Figure 15. 
* R Suffix Types Only pares 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 23 3 0.1 


Copyright © Harris Corporation 1991 
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IRFP250, IRFP2517, IRFP252, IRFP253 IRFP250R, IRFP257R, IRFP252R, [IRFP253R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250A 
IRFP250/252, IRFP250R/252R 


IRFP251/253, IRFP251R/253R 


[Gate Threshold Votage | Vaan [Vos =Vos p= 20 20 Tp a 
[Gate-Source Leakage Forward | lass |Ves=20v = Y= 800] nn 
[Gate-Source Leekege Reverse | “less [Vas=-200 800 a 
Zero Gate Voltage Drain Current Vps = Max Rating, Vag = OV | - | - | 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
To =+1259C 


: 0.085 


On-State Drain Current (Note 2) 
IRFP250/251, IRFP250R/251R 


IRFP252/253, IRFP252R/253R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP250/251, IRFP250R/251R 


IRFP252/253, IRFP252R/253R | = | 0.09 | 0.120 
Forward Transconductance (Note 2) Vps > 50V, Ip = 17A | 13 {| 19 | - | S@&) 


Ves =0v,Vps=25v,f=40MRz | | 2000. | — | oF 
iluae ee a 
a 


Vpp = 100V, Ip = 380A, Rg = 6.2 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 

temperature) 


Fall Time 


Total Gate Charge 

(Gate-Source + Gate-Drain) 

Gate-Source Charge | Qgs | 
Gate-Drain (“Miller”) Charge | Qgq | 


Internal Drain Inductance Lp Measured between Modified MOSFET 5.0 nH 
the contact screw on | symbol showing the 
header thatis closer | internal device 
to source and gate inductances. 
pins and center of oD 
center of die. 
Ls Measured from the 12.5 nH 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. : 


Vas = 10V, Ip = 30A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


2) 
tu 
a We 
= 
2zO 
t= 
Lo 
2¢ 
z 

oO 
a. 


Internal Source Inductance 


= |= [70 een] 
Mounting surface fat, smooth and greased | - | 04 | - | °C] 


retort Roya [Feeareperaion T= Y= | Pea 


Source Drain Diode Ratings and Characteristics 


Is Modified MOSFET D 
symbol showing the 
| integral reverse 
aM P-N junc. rectifier. G 
S 


Diode Forward Voltage (Note 2) Ty = +250C, Is = 33A, Vag = OV | - | 20 | vi | 
Reverse Recovery Time Ty = +250C, IF = 30A, dif/dt = 100A/us 140 | - | 630 | ns | 
Reverse Recovered Charge Ty = +2596, Ip = 30A, di¢/dt = 100A/us 16 | = | 841 |] gC | 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls +Lp. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


NOTES: 1. Ty = +25°C to +1509°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 1.1mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, Ipeak = 33A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRFP250, IRFP251, IRFP252, IRFP253 IRFP250R, IRFP251R, IRFP252R, IRFP253R 


Ip. DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


80 00 10 
Vos: DRAIN-TO- SOURCE VOLTAGE (VOLTS) Voc: —_ T= as se eee nes 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFP250, IRFP2517, IRFP252, IRFP253 IRFP250R, IRFP251R, IRFP252R, IRFP253R 


Vos = 50V 
80vps PULSE TEST 
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a5 4000800 
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S SAREE 


ee 
WELL at | Afr | | | 
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TRANSCONDUCTANCE (SIEMENS) 


Ipq: REVERSE ORAIN CURRENT (AMPERES) 


7) 
oO 
Ip, DRAIN CURRENT (AMPERES) Vgp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
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Veg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 17 
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FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 
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IRFP250, IRFP2517, IRFP252, /RFP253 IRFP250R, IRFP2517R, IRFP252R, IRFP253R 
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DRAIN CURA 
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FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 


TEMPERATURE 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK IL 


whe 
Vas= 10V}<— 
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FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


Res 


Vgs= 10V DUT 
tp 


I 


E = 0.5 BVpss Ec= 0.75 BVpss 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V |0.2 
Rp BATTERY '}F 
male 


DUT 


i RG + 
Vas= 4 | ~ Vpp 
PULSE WIDTH < 1S ; [ i | 1.5mA 


DUTY FACTOR < 0.1% -Vps 
IG CURRENT —L Ip CURRENT 
= SAMPLING RESISTOR ~ SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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i HARRIS IRFP254, IRFP255 
IRFP256, IRFP257 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated 
Features Package 
TO-247 
© 21A and 23A, 250V and 275V TOP VIEW 
® DS(on) = 9.142 and 0.172 
DRAIN fC 7 
e Single Pulse Avalanche Energy Rated (TAB) SOURCE 
e SOA is Power-Dissipation Limited oe | a" DEAN 
e Nanosecond Switching Speeds o™ es CATE 
© Linear Transfer Characteristics 
© High Input Impedance 
e 250V, 275V DC Rated - 120V AC Line System Operation 
Description Terminal Diagram 
The IRFP254, IRFP255, IRFP256, and IRFP257 are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested and guaranteed 2 
to withstand a specified level of energy in the breakdown D = Md 
avalanche mode of operation. These are n-channel w 0”) 
enhancement-mode silicon-gate power field-effect transistors rl 2 
designed for applications such as _ switching regulators, = x 
switching converters, motor drivers, relay drivers, and drivers 9 TT] 
for high-power bipolar switching transistors requiring high G zs 
speed and low gate-drive power. These types can be operated o 
directly from integrated circuits. 
The IRFP types are supplied in the JEDEC TO-247 plastic Ss 
package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFP254 IRFP255 IRFP256 IRFP257 UNITS 

Dralii=SOurce VONAG6 (1) «0. ceacrae ven warsneccwnw ces Vpbs 250 250 275 275 Vv 
Drain-Gate Voltage (RG@sS = 20kKQ) (1)... 2. ee eee ee eee VDGR 250 250 ais 275 V 
Continuous Drain Current 

TSO ier ncuhiaietamaiunve se eesetebaununs Ip 23 21 23 21 A 

TS PIDOTG 6 cnc nesiensaace aed chaeraaw neous exe neaen Ip 15 13 15 13 A 
Pulsed Drain Conent) as cicccccavacewavs taaaesewesas IDM 92 84 92 84 A 
BGI" SOU6Ge VONAGE cian cciseven scans wai saeusscuene Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

WOES CEI o scccnevandds sessspensenns ee canaeern ens Pp 180 180 180 180 WwW 
Linear Deratrit) PAGION << conc accnececse ced deveareeee cans’ 1.44 1.44 1.44 1.44 W/9C 
Single Pulse Avalanche Energy Rating (4).............5. Eas 1000 1000 1000 1000 mJ 
Operating and Storage Junction ............+00ees Ty TSTG ~“55to+150 -55*0+150 -55to+150 -55to+150 oC 

Temperature Range 
Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = SOV, starting Ty = +25°C, L = 3.1mH, Regs = 25N, 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEA 8 re Oe Tae Wn ae te 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFP254, IRFP255, IRFP256, IRFP257 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| Vas=OV, Ip = 250ynA 
IRFP254, IRFP255 


IRFP256, IRFP257 


Gate Threshold Voltage V@scTH) | Vos =Veas; Ip = 250uA 
Gate-Source Leakage Forward les Vas = 20V 
Gate-Source Leakage Reverse les VG@s = -20V 


VpDs = Max Rating, Vgs = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
To = +1259C 


VDS > ID(ON) X DS(ON) Max, Vag = 10V 


BR 


20 
275 


.o)) 
J 
> 


nA 
uA 
uA 


Y” 


Zero Gate Voltage Drain Current 


1000 


On-State Drain Current (Note 2) 
IRFP254, IRFP256 
IRFP255, IRFP257 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP254, IRFP256 


IRFP255, IRFP257 


ots a 
iSS_| Vas =OV, Vs = 28V, f= 10M 
oss _| Se Figure 10 

ta(OFF 
: 
(Gate-Source + Gate-Drain) 
Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


ID(ON) 


ie) 
ak 


© 
£L 


DS(ON) | VGS = 10V, ID = 13A 


ine) 
ne) 
8) 3/5 
S16 


ue) 


oy) 


_— 
ioe) 
io) 


VpD = 125V, Ip = 23A, Rg = 6.20, 
See Figure 16.(MOSFET switching times 
are essentially independent of operating 
temperature) 


Oo 
oO 


sail =i 
BSS N o 


© 


130 


@) 


VGs = 10V, Ip = 23A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 


; C 
operating temperature.) 


nc 
n 


3 


7 


io) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


ak 


Measured from 
the drain lead, 
6mm (0.25”) 
from package 
to center of 
die. 
Measured from the 
source lead, 6mm 
(0.25”) from package 


— 
0 


oD 


12.5 


Internal Source Inductance 


- 
.¢) 


to source bonding 
pad. 


aIoloO = 
al ‘i D © D 
> fc = 10 le Y” 
MIO Zin op) 


© 
Ny 
ad oO 


a Cm 
Mounting surface fa, smoath and greased 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Vsp__| Ty = +25°C, Ig = 23A, Veg = OV 
trr | Ty = +25°C, Ip = 22A, dif/dt = 100A/us 15 


ine) 
(oe) 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


” 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 
Forward Turn-on Time 


= 
2) 


Ty = +259C, If = 22A, di¢/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp 


ie) 
— 
Oo} ou 
: ice) 


oO _ 


=e 
ive) 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +259C, L = 3.1mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 250, IpEAK = 23A. 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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(AMPERES) 


Ip. DRAIN CURRENT 


Ip. DRAIN CURRENT (AMPERES) 


IRFP254, IRFP255, IRFP256, IRFP257 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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N-CHANNEL 
POWER MOSFETs 


IRFP254, IRFP255, IRFP256, IRFP257 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


DRAIN-TO-SOURCE ON RESISTANCE 
(NORMAL IZED) 
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(NORMAL IZED) 
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Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 
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IRFP254, IRFP255, IRFP256, IRFP257 


0.256055 PULSE TEST 
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Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs case temperature. 
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Fig. 14 - Unclamped energy test circuit. Fig. 15 - Unclamped energy waveforms. 
+Vps 
CURRENT (ISOLATED 
REGULATOR SUPPLY) 
SAME 
— TYPE 
12V |0.2 AS DUT 
Rp BATTERY | F 
on ae 
Vps 
DUT 
h RG + 
Vgsg= 10V ~ Yop 


PULSE WIDTH < 1S | | 1.5mA 
° a -Vps 


DUTY FACTOR < 0.1% 
IG CURRENT —L Ip CURRENT 
— SAMPLING RESISTOR — SAMPLING RESISTOR 


Fig. 16 - Switching time test circuit. Fig. 17 - Gate charge test circuit. 
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™ HARRIS IRFP340R, IRFP341R 
IRFP342R, IRFP343R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated 


Features Package 
¢ 11A and 8.7A, 350V and 400V 
bd DS(on) = 0.552 and 0.802 


TO-247 
TOP VIEW 


e Single Pulse Avalanche Energy Rated 
¢ SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRFP340R, IRFP341R, IRFP342R, and IRFP343R are Terminal Diagram 
advanced power MOSFETs designed, tested and guaranteed 


to withstand a specified level of energy in the breakdown N-CHANNEL ENHANCEMENT MODE 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors D 


designed for applications such as_ switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated G 
directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. S 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFP340R IRFP341R  IRFP342R _ IRFP343R UNITS 


Drain-Source Voltage (1) .......ccccccccccccccccscces Vos 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20K2) (1)........ eee ee ee VDGR 400 350 400 350 V 
Continuous Drain Current 
TG FSSC occas accricacnss cass casas ens ncaveduses Ip 11 11 8.7 8.7 A 
AS no ons Bunnie in kin easaxaes weeeawenee Ip 6.8 6.8 &5 5.5 A 
Pulsed Drain Gonment(S) .x0cccsi ec cecvwis tease peanvanse IDM 44 44 35 35 A 
Gale-Source Voltage ss isissecscsvascsvessavevenesve Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
TS I wise ne nia keued ibe awereeras cen esnnahauns Pp 150 150 150 150 W 
Linger Derating FCO. cccc keine vesnadueesiun ceeecdeseses 12 1.2 1.2 1.2 W/°C 
Single Pulse Avalanche Energy Rating (4)............... Eas 480 480 480 480 mJ 
Operating and Storage Junction ...............05. Ty TSTG -55to+150 -55to+150 -55to+150 -55to+150 °C 
Temperature Range 
Maximum Lead Temperature for Soldering .............+. TL 300 300 300 300 sd © 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vpp = SOV, starting Ty = +25°C, L = 7.0mH, Res = 50, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. PEAK 11h. S00 Figues 14 ane" Ts. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. . 
Copyright © Harris Corporation 1991 File Number 2088.1 | 
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Specifications IRFP340R, IRFP341R, IRFP342R, IRFP343R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS |} MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = 250ynA 
IRFP340R, IRFP342R 


IRFP341R, IRFP343R 


Gate Threshold Voltage VasctH) | Vos = Ves, Ip = 250uA | 20 | - | 40 | Vv | 
Gate-Source Leakage Forward lass | Vas = 20V | - | - | 100 | nA 


Gate-Source Leakage Reverse less |Vas=-20V | o- | = | -100 [| nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgg = OV | - | - | 250 [| pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 uA 
Ty = +1259C 
11 A 


0.47 0.55 


On-State Drain Current (Note 2) 
IRFP340R, IRFP341R 
IRFP342R, IRFP343R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP340R, IRFP341R 


IRFP342R, IRFP343R 


[Forward Transconductance (Note2) | afs__[Vps=50VIp=55A | | | «SCC «SS 

Vas = OV, Vps = 25V,f= 1.0MHz _ 

ae = 

= | 
VpD ~ 200V, Ip = 11A, RG = 9.19 | 21 | 


Turn-On Delay Time td(ON 


Rise Time See Figure 16. (MOSFET switching times 


are essentially independent of operating 


Turn-Off Delay Time td(OFF temperature) 

Fall Time 

Total Gate Charge Vas = 10V, Ip = 10A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge | Ose (Gate charge is essentially independent of 


operating temperature.) 


| Oga | 

Lp Measured between Modified MOSFET nH 
the contact screw on | symbol showing the 
header thatis closer | internal device 
to source and gate inductances. 
pins and center 9D 
of die. 

Ls Measured from the 12.5 nH 
source lead, 6mm ; 
(0.25”) from header 
and source bonding 
pad. : 

ReJC 


Gate-Drain (‘Miller’) Charge 


Internal Drain Inductance 


Internal Source Inductance 


ee Se Co 
Rigos | Mounting surface fat, smoothandgreased_| > | 01 | - | COW 
Junetion-to- Ambient [Rosa[Freeairoperaton | = YS «i980 OC 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Diode Forward Voltage (Note 2) Ty = +259, Ig = 11A, Vag = OV | - | - | 20 | ve | 


Reverse Recovery Time trr | Ty = +259C, Ip = 10A, di¢/dt = 100A/us 170 | 370 | 790 | ns | 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 


speed is substantially controlled byLs + Lp. 


Is 
ISM 
VSD 
Reverse Recovered Charge | QrRR | Ty = +2509C, IF = 10A, diF/dt = 100A/us 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 7.0mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, IpeEaK = 11A. 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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IRFP340R, IRFP341R, IRFP342R, IRFP343R 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFP340R, IRFP3417R, IRFP342R, IRFP343R 
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FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
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IRFP340R, IRFP341R, IRFP342R, IRFP343R 


ST IRFP340R, 341R 
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FIGURE 12. TYPICAL ON-RESISTANCE VS DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS CASE 
TEMPERATURE 
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FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
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DUTY FACTOR < 0.1% -Vos 
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FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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a} HARRIS IRFP350/351/352/353 
IRFP350R/351R/352R/353R 


N-Channel Power MOSFETs 
August 1993 Avalanche Energy Rated* 


Features Package 
e 14A and 16A, 350V - 400V 
* rps(on) = 0.320 and 0.420 


e Single Pulse Avalanche Energy Rated* (TAB) ——————>_ SOURCE 
> DRAIN 


TO-247 
TOP VIEW 


e SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds i—™ >. GATE 
e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFP350, IRFP351, IRFP352, and IRFP353 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 

tors. IRFP350R, IRFP351R, IRFP352R and IRFP353R types N-CHANNEL ENHANCEMENT MODE 
are advanced power MOSFETs designed, tested, and guaran- 

teed to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


” 
tu 
| Ub 
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The IRFP types are supplied in the TO-247 plastic style pack- S 
age. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFP350 IRFP351 IRFP352 IRFP353 
IRFP350R IRFP351R IRFP352R IRFP353R UNITS 

Drain-Source VONAGE (1) . ccc cnc cecnexccan penne ae see Vos 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20KQ2Q) (1)... cece eee ee eee VDGR 400 350 400 350 V 
Continuous Drain Current 

ict nse! Pe eeT ETT ETeTTEP CETTE TET CeTeTEECT eee ree Ip 16 16 14 14 A 

TG P1GOCS os ccccaceanosts tases nes Races aes wanna Ip 10 10 8.9 8.9 A 
Putsed Drain Currents) cccasdsa ctavesseacceaavesaavan IDM 64 64 56 56 A 
GAS" BOUIGS VOREO®: iccccvees wes duster ste suena de Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TS F2SG ccc ccvceven css vncawes eee ensnneeatnu snes Pp 180 180 180 180 W 
Linear DEFalind FAC a cccvaccecerseseecedeanadaeiseaasa 1.44 1.44 1.44 1.44 W/°C 
Inductive Current, Clamped o...6 ccc cesccaccevesasencnns ILM 64 64 56 56 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 700 700 700 700 mj 
Operating and Storage Junction ............ee eee TZ ISTG -55to+150 -55to+150 -55to+150 -55to+150 sd ©) 

Temperature Range 

Maximum Lead Temperature for Soldering............... TL 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = 40V, starting Ty = +25°C, L = 5.66mH, Regs = 50M, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 15A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. File Number 931 9.2 


Copyright © Harris Corporation 1993 
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IRFP350, IRFP351, IRFP352, IRFP353 IRFP350R, IRFP3517R, IRFP352R, IRFP353R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss_ | Vag = OV, Ip = 250uA le te |e 
V 


IRFP350/352, IRFP350R/352R 


IRFP351/353, IRFP351R/353R | 350 | - | - | Vv | 
[GateThresholdvottage ~~‘ Vasa |Vos=Vas Ip=25aSSSC~d|—« S| «SST «40 Sd CV 


Gate-Source Leakage Forward Iass_ |Vg@sg=20V | - { - | 500 | nA | 
Gate-Source Leakage Reverse lass |VG@g=-20V | - | -  |{ -500 {| nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgg = OV | - {| - [| 250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, 1000 HA 
Ty = +1259C 
-_ A 


On-State Drain Current (Note 2) ID(ON) 
IRFP350/351, IRFP350R/351R 16 


IRFP352/353, IRFP352R/353R | 14 [ - | - [| A | 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP350/351, IRFP350R/351R 


IRFP352/353, IRFP352R/353R 


Vps > ID(ON) X DS(ON) Max: VG@S = 10V 


Vas = OV, Vps = 25V, f = 1.0MHz 


alicia <a as 
_a 
SOO ure 1AIMOSeET Santchingtimes — -—— ae 
Rise Time ee rigure 16. switcning times 51 77 
a | cesceniisiivintienencentoteseding eens pons | 
Turn-Off Delay Time td(OFF ee ee ee 
Fall Time a ee a 
Total Gate Charge Vas = 10V, Ip = 16A, Vos = 0.8V Max 87 130 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge . (Gate charge is essentially independent of 10 C 
/Gste-Soume Change | Obs) comting tamperatura) ee ee ae 
Gate-Drain (‘‘Miller’) Charge | Qga ae ee 
Internal Drain Inductance Lp Measured between Modified MOSFET nH 
the contact screw on | symbol showing the 
header thatis closer | internal device 
to source and gate inductances. D 
pins and center of | 
center of die. 
Internal Source Inductance Ls Measured from the nH 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. oS 
Junction-to-Gase 0 a A OB 
Case-to-Sink Recs | Mounting surface flat, smooth andgreased | - | 0.10 | - = | °C/W 
Junction-to-Ambient Roja | Free air operation P= | = | a oC/Ww 


Modified MOSFET 
symbol showing the 
integral reverse 

P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


3 
> 


Diode Forward Voltage (Note 2) Vsp Ty = +259C, Ig = 16A, Vas = OV 
Reverse Recovery Time ter Ty = +1509, Ir = 15A, dif/dt = 100A/ps 270 
Reverse Recovered Charge Ty = +1509C, Ip = 15A, di¢/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


E 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 40V, Start Ty = +25°C, L = 5.66mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 502, IpEAK = 15A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRFP350, IRFP3517, IRFP352, IRFP353 IRFP350R, IRFP351R, IRFP352R, IRFP353R 


Performance Curves 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 
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FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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IRFP350, IRFP351, IRFP352, IRFP353 IRFP350R, IRFP357R, IRFP352R, IRFP353R 
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Performance Curves (Continued) 
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IRFP350, IRFP3517, [IRFP352, IRFP353 IRFP350R, IRFP3517R, IRFP352R, IRFP353R 


Performance Curves (Continued) 


DRAIN CURRENT (AMPERES) 


Ros (on): ORAIN-TO-SOURCE ON RESISTANCE 
Ip. 


150 


1 50 75 100 125 
Ip. DRAIN CURRENT (AMPERES) Tc. CASE TEMPERATURE ( °C) 


FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 


tp 


IL 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


od 
Ves= 10V 
tp 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 
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Ey = 0.5 BVpss Ec= 0.75 BVpss 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
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= TYPE 

12V |0.2 AS DUT 
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ee 


A Rg + 
| | Vv 
Vas = 10V . OD 


PULSE WIDTH < 14S ; [ 7 | 1.5mA 


DUTY FACTOR < 0.1% -Vps 
Ig CURRENT —L Ip CURRENT 
ot SAMPLING RESISTOR — SAMPLING RESISTOR 
FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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Features 

e 20A and 23A, 400V 

® rps(on) = 0.202 and 0.2520 

e Single Pulse Avalanche Energy Rated 
e SOA is Power-Dissipation Limited 

© Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRFP360 and IRFP362 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis- 
tors requiring high speed and low gate-drive power. These 


types can be operated directly from integrated circuits. 


The IRFP-types are supplied in the JEDEC TO-247 plastic 


package. 


IRFP360 
IRFP362 


N-Channel Power MOSFETs 
Avalanche-Energy Rated 


Package 


TO-247 
TOP VIEW 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


Continuous Drain Current 


VEO sisted ave nen ed eonsxanese snansadiauescundanscn 

Ll tie 4 Cee ee ee ee er ee ee eer 
Pulsed Brain Curent) oscccasdscusesedseoesaveceseceeceena’s IDM 
GOIS"SOUIGE VONAGE s66 ce tends cee eid evcdinsendaweoannsann VG6s 
Maximum Power Dissipation 

TG PENS 6 csc 0rteckwban vk da2cstdeskesne redone esaueredivs Pp 
Linger PErGling FOGtel isi cccvccsencanseeedacnekecnewns dak sewer 
Single Pulse Avalanche Energy Rating (2)...........02eeeeeeee Eas 


See Figure 14 


Operating and Storage JuNCtION .......cccceeceeencccces Ty, TSTG 


Temperature Range 
Maximum Lead Temperature for Soldering ............e0eeeeeee 
(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Repetitive rating: Pulse width limited by maximum junction temperature. 


See Transient Thermal Impedance Curve (Figure 5). 
2. Vop = SOV, starting Ty = +25°C, L = 4.0mH, Rgs = 252, Peak |) = 23A. 
3. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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D 
G 
) 
IRFP360 IRFP362 UNITS 
23 20 A 
14 13 A 
92 80 A 
+20 +20 V 
250 250 W 
2.0 2.0 W/°C 
1200 1200 mj 
-55 to +150 -55 to +150 °C 
300 300 1 @) 


File Number 2290.1 


Specifications IRFP360, IRFP362 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


[Drain-Source Breakdown Votlage | ®vpss [vas=Ovip=2500a———S~s ao] dC 
[GateTiveshoidvotage | Vas [Vos=Vas.ip=250a——~—S=~«dt—seo | = dP ao | 
[Gate-SourceLeakageFoward | Igss |ves=20vS*~S~<‘= SYS *; C800 | 
[Gate-Source LeakageReverse | Igss |Ves=-20v—~—~—~—S~S~S=S Sd «C800 | 


A 
Zero Gate Voltage Drain Current Ipss__—| Vps = Max Rating, Vgs = OV A 


On-State Drain Current (Note 3) 
IRFP360 


IRFP362 


Static Drain-Source On-State 
Resistance (Note 3) 
IRFP360 


IRFP362 | 0.20 | 0.25 | 
a 
Vas = 0V, Vps = 25V,1= 1. OMHz 4000 | -_| 
Bee Pigane ¥0 C= |e 
7 | - |. 
VoD - 33 _| 
[RiseTime Tt are essentially independent of operating 
essences 20 
C38 | 
100 Cc 


Total Gate Charge VGs = 10V, Ip = 25A, Vps = 0.8V x Max 
(Gate-Source + Gate-Drain) Rating. See Figure 16 for test circuit. 
| Oe | (Gate charge is essentially independent of 


Gate-Drain (‘Miller’) Charge 
internal Drain Inductance 


Gate-Source Charge 


ie) 


operating temperature.) 


Ne) 
& 
Q 


Measured between Modified MOSFET 
the contact screw on | symbol showing the 
header thatiscloser | internal device 

to source and gate inductances. 

pins and center of 

center of die. 


| Qgd | 
Lp 
oD 
Internal Source Inductance Ls Measured from the 13 nH 

source lead, 6mm : 

(0.25”) from header 

and source bonding 

pad. ; 

ReJC 


on 
- ie) 
” 
Si/5]5 = | Tim a 
imi mics 


—L 


Junction-to-Case 
Case-to-Sink R Mounting surface flat, snooth and greased 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Diode Forward Voltage (Note 2) Vsp Ty = +259, Is = 23A, Vas = OV 


Continuous Source Current 
(Body Diode) 

Pulse Source Current 
(Body Diode) (Note 3) 


Reverse Recovered Charge Ty = +2596, Ip = 25A, dif/dt = 100A/yus 


Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 

1. Repetitive Rating: Pulse width limited by max. junction temperature. See 3. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 
Transient Thermal Impedance Curve (Figure 5) 

2. Vop = SOV, Start Ty = +25°C, L = 4.0mH, Re = 252, IpEAK = 23A 
(See Figure 14) 


ISM 
Reverse Recovery Time Ty = +259C, Ip = 25A, dig/dt = 100A/ps 
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DRAIN CURRENT (AMPERES) 


Ip. 


Ip. DRAIN CURRENT (AMPERES) 


IRFP360, IRFP362 


10V BOps PULSE TEST 


Ip. DRAIN CURRENT (AMPERES) 


0 ee ne - pea 


0 40 160 200 
Vos: DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Vpg. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vpg: DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92GS-44233 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


DUTY FACTOR, D=t,/to 


10-2 Sent eae oma 2. PEAK Ty=Pom X Ztnuc + Tc 
4079 1074 1073 107¢ 0.4 { 10 
t,, RECTANGULAR PULSE DURATION (SECONDS) 


THERMAL RESPONSE (Z¢4 jc) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFP360, IRFP362 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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DRAIN-TO-SOURCE ON RESISTANCE 


Ros (on): 


Fig. 12 - Typical on-resistance vs. drain current. 


VARY 'p TO OBTAIN 
REQUIRED PEAK | 


IRFP360, IRFP362 


0) 30 60 90 120 
Ip, DRAIN CURRENT (AMPERES) 


Vos 


Fig. 14a - Unclamped inductive test circuit. 


Fig. 14b - Unclamped inductive waveforms. 


10V ———- —~—-——-— — 


GATE 
VOLTAGE 
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CHARGE 


Fig. 16a - Basic gate charge waveform. 


(AMPERES) 


Ip. DRAIN CURRENT 


0 
Zo 50 73 100 125 150 
Tc. CASE TEMPERATURE (°C) 


Fig. 13 - Maximum drain current vs. case temperature. 


Vos 7 


DUT Vpp 


Vgs = 10V | | 


PULSE WIDTH < 1 us 
DUTY FACTOR <0 1% 


Fig. 15a - Switching time test circuit. 


VGS 


ld(oft) 
Fig. 15b - Switching time waveforms. 
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Fig. 16b - Gate charge test circuit. 
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Features 

e 7.7A and 8.8A, 400V - 500V 

® rps(on) = 0.852 and 1.129 

e Single Pulse Avalanche Energy Rated 
© SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


IRFP440R, IRFP441R 
IRFP442R, IRFP443R 


N-Channel Power MOSFETs 
Avalanche-Energy Rated 


Package 


TO-247 
TOP VIEW 


The IRFP440R, IRFP441R, IRFP442R, and IRFP443R are 
advanced power MOSFETs designed, tested, and guaranteed 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


to withstand a specified level of energy in the breakdown ava- 7) 
lanche mode of operation. These are n-channel enhancement- D a 
| 
mode silicon gate power field-effect transistors designed for wu 
applications such as_ switching regulators, switching = Oo 
converters, motor drivers, relay drivers, and drivers for high- q= 
power bipolar switching transistors requiring high speed and G O w 
low gate-drive power. > z 
The IRFP-types are supplied in the JEDEC TO-247 plastic ree 
package. Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFP440R IRFP441R IRFP442R IRFP443R UNITS 

Drain-Source Voltage (1) si xc ccs ccsescecss cus esanaune Vps 500 450 500 450 V 
Drain-Gate Voltage (RGS = 20k2Q) (1)... 6. eee ee eee VDGR 500 450 500 450 V 
Continuous Drain Current 

Ti HG occ xc y ed cscopescabouewepseapeantsccpene ID 8.8 8.8 7.7 7.7 A 

TE FICO si asene cckaawnn aerad eaten evens te nue ve Ip 5.6 5.6 4.9 4.9 A 
Pulsed Drain Current(S) osss0 ces cecns nessa nee ces nnn s IDM 35 35 31 31 A 
Gate-Source Voltage ....ccccec cease sacs svaaes ce nee Vas £20 +20 +20 +20 V 
Maximum Power Dissipation 

i (epoh -. PETE TTT eT ECE TCE CCL ETE CECE TOL LETTE Pp 150 150 150 150 W 
Linger Doraling Factor ss csi sc ncc xecewancke ves ena ve naseeas 1.2 12 1.2 1.2 W/°C 
Single Pulse Avalanche Energy Rating (4)..............-. Eas 480 480 480 480 mJ 
Operating and Storage Junction ............0 000 ee Ty, TstgG -55to+150 -55to+150 -55to+150 -55to+150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C. 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


4. Vop = SOV, starting Ty = +25°C,L =11mH, Regs = 500, Ipeak = 8.8A. 
See Figures 14 & 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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File Number 
4-523 


Specifications IRFP440R, IRFP4417R, IRFP442R, IRFP443R 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_ | Vqas=OV, Ip = 250nA 
IRFP440R, IRFP442R 


Sa a rs 


so | - | - |v 


IRFP441R, IRFP443R | 450 | - | - | Vi 
|GateThreshold Voltage ————s| Vasc) [Vos=Vas,Ip=250uA | 2 | - | 4 |] OV 


[Gate-SourceLeakageFoward | loss |Ves=20v.——S—SCSCSCS | | 100] 


(Gate charge is essentially independent of 
operating temperature.) 


N 
=| 
.@) 


Gate-Source Leakage Reverse less |VGsg=-20V i me ee ee 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vgs = OV | - | = | 250 
Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
Ty = +1259C 
On-State Drain Current (Note 2) 
IRFP440R, IRFP441R 8.8 A 
IRFP442R, IRFP443R p77 | - | - | A 
Static Drain-Source On-State 
Resistance (Note 2) 
IRFP440R, IRFP441R 9) 
IRFP442R, IRFPAAGR es ee 
rss [382 | - | 30 
Vas = OV, Vps = 25V,1= 1 0MHz es ee 
Output Capacitance Cogs _| Se Figure 10 [= [200 [=| F_| 
Reverse Transfer Capacitance Crss | = | 8 | - | oF | 
Turn-On Delay Time aon) _| Yoo = 250V, Ip = 8A, Rg = 0.10 = 7a ns 
Rise Time t See Figure 16. (MOSFET switching times a9 35 
tla excentallyieiecamientotaseaing (ob 
Turn-Off Delay Time td(OFF temperature) | > | 42 [| 74 | ns 
Fall Time 18_[ 30 | ns 
Total Gate Charge VGs = 10V, Ip = 8A, Vps = 0.8 Max 63 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 


Gate-Source Charge 


Gate-Drain (‘‘Miller’) Charge 
Internal Drain Inductance 


P= 
.@) 


| Qgd 
Lp 


Measured between Modified MOSFET 
the contact screw on | symbol showing the 
header thatiscloser | internal device 

to source and gate inductances. 

pins and center 9 D 
of die. 


Ls Measured from the 
source lead, 6mm : 
(0.25”) from header 
and source bonding 
pad. oS 


Junction-to-Case Ro | 
Case-to-Sink Recs _ | Mounting surface flat, smooth and greased 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Is Modified MOSFET s 
(Body Diode) symbol showing the 
| integral reverse 
aid P-N junc. rectifier. G 
Ss 


Pulse Source Current 

(Body Diode) (Note 3) 

Diode Forward Voltage (Note 2) Ty = +259C, Is = 8.8A, Vas = OV 

Reverse Recovery Time trr Ty = +259C, IF = 8.0A, dif/dt = 100A/us 21 
Reverse Recovered Charge | QrR_ | Ty=+259C, Ip = 8.0A, dip/dt = 100A/ps 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 


speed is substantially controlled by Ls + Lp. 


Internal Source Inductance 


5 
als 


NOTES: 1. Ty = +25°C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°9C, L = 11mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rgs = 502, Ipeak = 8.8A 
Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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IRFP440R, IRFP4417R, IRFP442R, IRFP143R 
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Ip. ORAIN CURRENT (AMPERES) 
Ip. ORAIN CURRENT (AMPERES) 


407 "5 
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Vos: DRAIN-TO-SOURCE VOLTAGE “(VOLTS) Ves: es se a nae sie 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


BOps PULSE TEST 
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N-CHANNEL 
POWER MOSFETs 


Ip. DRAIN CURRENT (AMPERES) 
Ip. DRAIN CURRENT (AMPERES) 
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3 6 9 Le 15 gq 2 5 490 .2 5 492 2 5 403 
Vos: DORAIN-TO-SOURCE VOLTAGE (VOLTS) Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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t,. RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFP440R, IRFP441R, IRFP442R, IRFP443R 


TRANSCONDUCTANCE (SIEMENS) 
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FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 


DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpgg. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMAL IZED) 


Abs (on): 
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FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
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IRFP440R, IRFP4417R, IRFP442R, IRFP443R 
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DRAIN-TO-SOURCE ON RESISTANCE 
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FIGURE 12. TYPICAL ON-RESISTANCE VS DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS CASE 
TEMPERATURE 
Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 


soe 
Ves= 10V 
tp 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
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FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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oc} HARRIS IRFP450/451/452/453 
IRFP450R/451R/452R/453R 


N-Channel Power MOSFETs 


August 1991 Avalanche Energy Rated* 
Features Package 
° 12A and 14A, 450V - 500V Teen? 
ciihaatiaies - TOP VIEW 
® rps(on) = 0.40 and 0.52 
DRAIN 
e Single Pulse Avalanche Energy Rated* (TAB) || “7 ——$— SOURCE 
e SOA is Power-Dissipation Limited __-—————> DRAIN 
¢ Nanosecond Switching Speeds ix > GATE 


e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFP450, IRFP451, IRFP452, and IRFP453 are n-channel | Termina/ Diagram 
enhancement-mode silicon-gate power field-effect transis- 


tors. IRFP450R, IRFP451R, IRFP452R and IRFP453R types N-CHANNEL ENHANCEMENT MODE 
are advanced power MOSFETs designed, tested, and guaran- 
teed to withstand a specified level of energy in the breakdown D 


avalanche mode of operation. All of these power MOSFETs are 

designed for applications such as_ switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic S 
package. 


Absolute Maximum Ratings (Tc = +250°C), Unless Otherwise Specified 


IRFP450 IRFP451 IRFP452 IRFP453 
IRFP450R IRFP451R IRFP452R IRFP453R UNITS 

Drain-Soures Voltage (1) s cssciccccuweasscavacasenens Vos 500 450 500 450 V 
Drain-Gate Voltage (RGS = 20kK|) (1). 2... . eee ee eee VDGR 500 450 500 450 V 
Continuous Drain Current 

TE SHOES cokes ssees ceiewies ences denna nedaween wen Ip 14 14 t2 12 A 

TSF 1IOOSG wicscivccnscrsnnnns ses caenae es ReneS 5 ID 8.8 8.8 7.9 7.9 A 
Pulsed Drain Currently) 26 oscks cs ece nes onnae nee eaten ee IDM 56 56 48 48 A 
Gate-SOurce VONAGS acanns nes onsadcanenawanes eecnns Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 

VG Fe cvctesoncsndsebanesi ide danewunceioonnes Pop 180 180 180 180 W 
Linear erating Factors cascccxcanses cen daw an anna ee wae weeRe 1.44 1.44 1.44 1.44 W/°C 
inductive Current, GISAMPOd b.scccccscsaasnsanersescews ILM 52 52 48 48 A 

(See Figure 14, L = 100uH) 
Single Pulse Avalanche Energy Rating (4)............... Eas* 860 860 860 860 mJ 
Operating and Storage Junction ..............008. Ty Tstq “55Sto+150 -55to+150 -55t0+150 -55to +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering............... Th 300 300 300 300 oC 

(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 4. Vop = SOV, starting Ty = +25°C, L = 7.9mH, Res = 250, 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. IPEAK = 14A. See Figure 15. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2331 1 
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IRFP450, IRFP451, IRFP452, IRFP453 IRFP450R, IRFP451R, IRFP452R, IRFP453R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_ | VGs= OV, Ip = 250pA 
IRFP450/452, IRFP450R/452R V 
IRFP451/453, IRFP451R/A5GR 450 [| - | - | v_ 
Gate Threshold Voltage Vest) | Vos = Vas; Ip = 250A | 2.0 | V 


s 
> 


Gate-Source Leakage Forward loss |Vas=20V 
Gate-Source Leakage Reverse Ias VGs = -20V 


Zero Gate Voltage Drain Current Ipss Vps = Max Rating, Vgs = OV 


op) 
> 


> 


Vps = Max Rating x 0.8, Vgs = OV, 
Ty = +1259C 


VDS > ID(ON) X DS(ON) Max: VGS = 10V 


On-State Drain Current (Note 2) 
IRFP450/451, IRFP450R/451R 


IRFP452/453, IRFP452R/453R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP450/451, IRFP450R/451R 


IRFP452/453, IRFP452R/453R 


ID(ON) 


DS(ON) | VGS = 10V, Ip = 7.9A 


(2) 


NI 
3 olo|2Z Bae fe | 
+ ml nji mIC] | 2 >| > 


| 4.0 | 
| 500 
| -500_| 
nell 
ae 
3 * 
| 0.5 
a 
ss 
Leet! 
a 
Le 
= 


Vas =0V, Vps = 25V, f= 1.0MHz 
eerie 8 
P 
FTurm-OnDelayTime _—_——_—*|‘tajon)_| VD = 250V, Ip = 14, Rg = 6.10 
See Figure 16. (MOSFET switching times 
- are essentially independent of operating 
Farnpereiice 


”,) 
th 
a i 
2% 
2=O 
=< = 
ga 
z= 

re) 
a. 


Total Gate Charge Ves = 10V, Ip = 14A, Vps = 0.8V Max 130 nc 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge (Gate charge is essentially independent of 1 
fase-Sauree Charge | ae | earning eranershire) 2 | - | 

Gate-Drain (“Miller”) Charge | Qgq | ae 
Internal Drain Inductance Lp Measured between Modified MOSFET nH 

the contact screw on | symbol showing the 

header thatis closer | internal device 

to source and gate inductances. >D 

pins and center of 

center of die. 
internal Source Inductance Ls Measured from the 12.5 

source lead, 6mm 

(0.25”) from header 

and source bonding 

pad. 9S 
Janction-to-Case Foo [| es Os cc 
Case-to-Sink Recs | Mounting surface flat, smooth and greased 010 | - | 9° 
a ROA ae ee 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET Db 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
Ss 


Is 
ISM 
Diode Forward Voltage (Note 2) Vsp_ | Ty = +259C, Is = 14A, Veg = OV 
Reverse Recovery Time Ty = +1509, Ip = 13A, di/dt = 100A/us 
Reverse Recovered Charge | Qrr_ | Ty=+1509C, Ip = 134A, dig/dt = 100A/ps 


E 
> 


uC 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


a 
ey mes 


we 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 7.9mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Res = 252, IpEAK = 14A (See Figure 15) 
Duty Cycle < 2% Impedance Curve (Figure 5) 
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IRFP450, IRFP4517, IRFP452, IRFP453 


Performance Curves 


Ip. DRAIN CURRENT (AMPERES) 


250 


50 100 150 200 
Vpg. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 


Ip. DRAIN CURRENT (AMPERES) 


Vpg: DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 


IRFP450R, IRFP4517R, IRFP452R, IRFP453R 


=~ 


Ip. ORAIN CURRENT (AMPERES) 
any 


Vgg: GATE-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


“OPERATION IN THIS AREA LIMITED 
i= = = BY F 
F S (ON) 


452,R,3,R 
tort 


450,R,1,R 


Ip. ORAIN CURRENT (AMPERES) 


451,A,3,R | 
i} til 


FIGURE 4. MAXIMUM SAFE OPERATING AREA 


10 pmmmnpuenpmeneynennn voce mangers 
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NY ,to Ty 
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S O a ————— eee —__ saul Pe — 

o ——— 

WW Bees. ————_ —__ 00) Es 

oa ee =" ee Rs) ee ee el) ee ee es 

ae 

et 40 °* =] SINGLE PULSE sstestees 

= eH OUTHERMAL RESPONSE) ==5559 = 

SEER 3 Der ACTOR. ota’ 

2 o-3 CC be 2 PEAK TurPow * Zenuc + Tc 

1079 1074 1073 1072 0.4 4 10 
t,, RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFP450, IRFP4517, IRFP452, IRFP453 IRFP450R, IRFP451R, IRFP452R, IRFP453R 


Performance Curves (Continued) 


ere ae 
80ps PULSE TEST 
oo 


Tey 
iF 


ie) 


TRANSCONDUCTANCE (SIEMENS) 


Ofs: 
Ipaq. REVERSE DRAIN CURRENT (AMPERES) 


ane 


20 ; 0 3 
ike DRAIN CURRENT “eins Vep. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
CURRENT VOLTAGE 
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@ 
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th 
oT ue 
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{= 
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3% 
z 

re) 
a. 


Lae) 


(NORMAL IZED) 


o 
n 


Nap f db : 
See 
2 NR RRR 
SRA VERE 
pt TIN | Tt 
ace Shee 
Loic eal ele Ned de 
‘tot tT TT EN TT 


Rps (on): ORAIN-TO-SOURCE ON RESISTANCE 


FE 
za 
Lad 
aR 
| 
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ae 


BVpgg. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMAL IZED) 


PEt | TLE | css 
o. 25 


20 40 60 80 100 120 140 160 = 40 60 80 100 120 60 


Ty. JUNCTION TEMPERATURE ( °C) r, JUNCTICN TEMPERATURE ( Oc) | 
FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


Vps = 400V KT 
Vos = 250V 
rr 


Vos = 100V 


C. CAPACITANCE (pF) 
Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 
FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
VOLTAGE GATE-TO-SOURCE VOLTAGE 


4-531 


IRF450, IRF451, IRF452, IRF453 IRF450R, IRF4517R, IRF452R, IRF453R 


Performance Curves (Continued) 


Rosion) MEASURED WITH CURRENT 
PULSE OF 2.0 ys CURATION. 

INITIAL Ty = 25°C (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Rosion). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 10 20 30 40 50 60 70 
Ip. DRAIN CURRENT (AMP-.RES) 


FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


tp 


re 


E1 = 0.5BVpss Ec= 0.75 BVpss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS 


DUT 


A Rg + 
Ves= 4 | ~ Yop 


PULSE WIDTH < 1S 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 
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whol 
Ves= 10V = 
‘p 


BATTERY '}F 
a: 


1§ 


REE 
ca 


Ip, ORAIN CURRENT (AMPERES) 


0 
25 50 15 100 125 150 
Tc, CASE TEMPERATURE (°C) 


FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


+Vps 
(ISOLATED 
SUPPLY) 


SAME 
TYPE 
AS DUT 


CURRENT 
REGULATOR 


12V |0.2 


-Vps 
Ip CURRENT 
SAMPLING RESISTOR 


Ig CURRENT —L 
SAMPLING RESISTOR — 


FIGURE 17. GATE CHARGE TEST CIRCUIT 


i HARRIS IRFP460 
IRFP462 


N-Channel Power MOSFETs 


August 1991 Avalanche-Energy Rated 
Features Package 
TO-247 
e 20A and 17A, 500V cepa 


® rps(on) = 0.272 and 0.3520 
e Single Pulse Avalanche Energy Rated 


e SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRFP460 and IRFP462 are advanced power MOSFETs | Terminal Diagram 
designed, tested, and guaranteed to withstand a specified level 


of energy in the breakdown avalanche mode of operation. N-CHANNEL ENHANCEMENT MODE = 
These are n-channel enhancement-mode silicon gate power a 
field-effect transistors designed for applications such as D a L. 
switching regulators, switching converters, motor drivers, relay = 3 
drivers, and drivers for high-power bipolar switching transis- {<= 
tors requiring high speed and low gate-drive power. These =o 
types can be operated directly from integrated circuits. ss z & 
The IRFP-types are supplied in the JEDEC TO-247 plastic ° 
package. 
S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFP460 IRFP462 UNITS 

Continuous Drain Current 

9 SEG ike lida eaGb pad eeeKe SEC Rwans dners ee iER DES Es ID 20 17 A 

Pie ac ck oils newacsed SL sevewrpiasepsnicessan ese os Ip 12 11 A 
Pulsed Drain Current(1) ws cccsccccasetcadverssasaccses caves a IDM 80 68 A 
CISCO VONEIS 26 odin cnrtewdenn enn deedanea ses Keene ows Ves +20 +20 V 
Maximum Power Dissipation 

TO BFAD cas vecaa vas eas ss nes Hewes ene eR Ne RENE OO eRe Oe Pp 250 250 W 
Lindat Deratind Fast sé sad ees cocdceavadseerauses catnneasen eee 2.0 2.0 W/°C 
Single Pulse Avalanche Energy Rating (2)............eeeeeeees Eas 960 960 mJ 

See Figure 14 
Operating and Storage Junction .......... cee eee eee eee Ty, TSTG -55 to +150 ~55 to +150 oC 

Temperature Range 

Maximum Lead Temperature for Soldering .........2ceeeeeeeeee Th 300 300 °C 


(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


2. Vpp = 50V, starting Ty = +259C, L = 4.3mMH, Rgg = 25Q, Peak I, = 20A. 
See Fig. 14. 
3. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 File Number 2291.1 
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IRFP460, IRFP462 


ELECTRICAL CHARACTERISTICS At Case Temperature (T,) = 25°C Unless Otherwise Specified 
Tp Uri 


= OV, Ip = 250 pA 


Fs 


Wy 


BVpss_—Drain-to-Source Breakdown Voltage | ALL | 
RpS(on) Static Drain-to-Source IRFP460 
On-State Resistance @ —= 

ID(on)  On-State Drain Current @ IRFP460 
IRFP462 


VGSith) Gate Threshold Voltage 
fs Forward Transconductance @ 


lpss Zero Gate Voltage Drain Current 


< 
9) 
n 


Ves = 10V, Ip = TIA 


Vos > 'Dion) * Ros(on) Max. 
Ves = 10V 


Vos = Ves: 'p = 250 nA 
Vos = 2 50V, Ips = 11A 


Vps = Max. Rating, Veg = 


Vps = 0.8 x Max. Rating 
Ves = OV, Ty = 125°C 


nA Ves = 20V 
nA Ves = —20V 
nc 


Ves = 10V, Ip = 21A 

Vps = 0.8 x Max. Rating 

See Fig. 16 

Ea (Independent of operating temperature) 


Vop = 250V, Ip = 21A, Rg = 4.32 


ey 
ee J 


= Gate-to-Source Leakage Reverse 
Total Gate Charge 


Qs Gate-to-Source Charge 


N 
~N 
< 


3 
oO 


Qod Gate-to-Drain (“Miller”) Charge 


tdion) Turn-On Delay Time 


i) 
~N 


rat [3 
EE 
ess Saeiesowes eevee | A 
Pai 
Pa 
Pau 
pa 


Rise Time 


tdioff) _ Turn-Off Delay Time ALL p= | | 190 | ns | See Fig. 15 
Fall Time Ss eee a (Independent of operating temperature) 


Internal Drain Inductance Measured from the drain Modified MOSFET symbol 
lead, 6mm (0.25 in.) from showing the internal 
package to center of die 

Internal Source Inductance Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 
pad 


inductances 
Sma were a | a 


Reverse Transfer Capacitance | 


Rthyc  Junction-to-Case 


Rthcs _Case-to-Sink are Ces Mounting surface flat, smooth, and greased 
RthjA _- Junction-to-Ambient | auc | - | - | 30 | cow] Free air operation 


@® Repetitive Rating; Pulse width limited by @ Pulse width < 300 us; Duty Cycle < 2% 
maximum junction temperature (see figure 5) 
Refer to current HEXFET reliability report 


Ves = ©. Vos = 
f = 1.0 MHz 
See Fig. 10 


@ @Vpp = 50V, Starting T; = 25°C, 
= 4.3 mH, Rg = 252, 
Peak |; = 20A. See Fig. 14. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
Parameter Y i Test Conditions 
Continuous Source Current Modified MOSFET symbol! showing the integral 
(Body Diode) Reverse p-n junction rectifier 


Pulsed Source Current 
(Body Diode) @ 
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IRFP460, IRFP462 
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804s PULSE TEST 
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Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Veg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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BVpgg. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
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IRFP460, IRFP462 


Vos 2 90V 
BOps PULSE TEST 
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Ip, DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 8 - Breakdown voltage vs. temperature. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 9 - Normalized on-resistance vs. temperature. 
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FOR TEST CIACUIT 
SEE FIGURE 16 
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Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 14a - Unclamped inductive test circuit. Fig. 14b - Unclamped inductive waveforms. 
Ro 
V 
pur OS + ee 
Rg ~ 
Ves = 10V | | 
PULSE WIOTH < 1 us 
Fig. 15a - Switching time test circuit. Fig. 15b - Switching time waveforms. 
V 
CURRENT O * 10S 
ISOLATED 
REGULATOR UPPLY) 
SAME TYPE 
12V AS DUT 
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VG | | | 1.5 mA 
GATE 0 a 
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Fig. 16a - Basic gate charge waveform. Fig. 16b - Gate charge test circuit. 
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Features 

e 6.8A, 5.9A and 600V 

* TDS(ON) = 1-2 and 1.62 

e Isolated Central Mounting Hole 
© Repetitive Avalanche Ratings 

e Simple Drive Requirements 


Ease of Paralleling 


Description 


The IRFPC40R and IRFPC42R are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 


IAFPC4SOR 
IRFPC42R 


N-Channel Power MOSFETs 
Avalanche-Energy-Rated 


Package 


TO-247 
TOP VIEW 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 
G 
The IRFPC types are supplied in the JEDEC TO-247 plastic 
package. 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFPC40R IRFPC42R UNITS 

Continuous Drain Current 

Uf i onde a ies PETE TECRTEC TE TERT ET CEIETIPTOCTETIOTEC TET OC TTT TET eR Teer r ee Ip 6.8 5.9 A 

Te SG ca cceswassancccansirnscennedetayicsiaecvorsuavenvecseseess ID 4.3 3.7 A 
PUSS DIR CONG cxecnkes crmbieseenai sores dkeskadcew ceeded eTeke us IDM 27 24 A 
GAM SOUICS VOREGS cx cscccvnc cents Ken eNees creas nn eadeenanemesinewnnaen Ves +20 +20 V 
Maximum Power DISSIDGUON 66 css cane nce ceiecaswes cans tenes eee e sewn Tbe wes Pp 150 150 W 
Linea? DGG FOIE vic oii ces cwescsote wes vetedueteswnewstecknewrsssetaens She bs 1.2 W/°C 
Single Pulse Avalanche Energy Rating (3). ........ccsc cece ee enecsececesenees Eas 410 410 mJ 

(See Figure 14) 
Operating and Storage JUNCHION «ci scscisciscsavesesercesenseseonacsei Ty, TSTG -55to+150 -55to+150 °C 

Temperature Range 

NOTES: 


1. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 


3. Vpp = SOV, Start Ty = +25°C, L = 16mH, Rg = 25M, Peak = 6.8A 


2. Repetitive Rating: Pulse width limited by max. junction temperature. See 


Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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File Number 2158.1 


Specifications IRFPC40OR, IRFPC40R 


Electrical Characteristics Tc = 25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


[Drain-Source Breakciownotage | BVpsg [Vag=Ovip= 250A ~~ eo | = 
[GateTrresholdVotage | Vasc) [Vos=Ves, ip=250"a———~=S~S~dS—Ci | =~ 
[=| 00 | na 

[=| =s00_ [na 


loss [Vos = Max Rating, Vas = OV p= | 250 | WA 
Vps = Max Rating x 0.8, Vgs = OV, 1000 yA 
Ty = +125°9C 


On-State Drain Current (Note 1) 
IRFPC40R 


IRFPC42R 


Static Drain-Source On-State 
Resistance (Note 1) 
IRFPC40R 


A 


a 


0.97 1.2 


IRFPC42R 1.2 Lo 
Forward Transconductance (Note 1) Ofs 
Input Capacitance Ciss_ | Va@s= OV, Vps = 25V, f = 1.0MHz 1300 


160 


peeriaurea 

VpD = 200V, Ip = 62, Rg = 9.19 

Rp = 470. (Independent of operating 
temperature) See Figure 15. 


Total Gate Charge 

(Gate-Source + Gate-Drain) 

Gate-Source Charge | Qgs | 
Gate-Drain (‘‘Miller”) Charge | Qgaq | 


Internal Drain Inductance 


on el = 
Oo @] co] oH to 


L 
ro) 
w| wl] o 
re) 


ue) 


wo 
2) 
aio = oR hed Can 


27 


on 
Le) 


Lye) 
oO 
Oo 


VGS = 10V, Ip = 6.2A, Vps = 0.6V x Max 


Rating. See Figure 16 for test circuit. 
(Gate charge is essentially independent of 


: nc 
operating temperature.) 


rh 
oO 
) 


o 
ce) 


Modified MOSFET 
symbol showing the 
internal inductances. 


— 


Measured from 
the drain lead, 
6mm (0.25”) 
from package 
to center of 
die. 
Measured from the 
source lead, 6mm 
(0.25”) from package 
to source bonding 
pad. 


Modified MOSFET D 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Diode Forward Voltage (Note 3) Ty = +250C, Ig = 6.2A, Vas = OV 
Reverse Recovery Time Ty = +259, Ip = 6.2A, di¢/dt = 100A/us 
Reverse Recovered Charge | QrrR_ | Ty=+259C, Ip = 6.2A, dif/dt = 100A/ps 1.8 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 


x 


Internal Source Inductance 


Continuous Source Current Is 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 1) 


NOTES: 
1. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 3. Vpp = 5OV, Start Ty = +25°C, L = 16mH, Res = 25Q, IpeaK = 6.8A 


2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 
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N-CHANNEL 
POWER MOSFETs 


DRAIN CURRENT (AMPERES) 


Ip. 


Ip. DRAIN CURRENT (AMPERES) 


IRFPC4OR, IRFPC42R 


v | Jeord pulse Test 
betta trae! 
WITT Trt 
poked 
ae ae 


Ves"2 OV 


a ee ee es ee es P cs 
on eS ee oe ee ae AE 
a ee ae Ct. 


0) 7S Sas aes 


0 


30 
Vos: SRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical Output Characteristics 
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) 3 6 g 12 15 
Vos: DORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical Saturation Characteristics 
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Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 - Typical Transfer Characteristics 


OPERATION IN THIS AREA LIMITED 
BY Rps(ON) 


BSS 


2 4 “66 4 6 Vv 6 8 2 4 68 


Vps, DRAIN-TO- ponte ee (VOLTS) 
92CS-43142 


Fig. 4 - Maximum Safe Operating Area 
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ll th 


[es 


ai 


DUTY FACTOR, D=t,/t> 
PEAK T =Pom X ZtnUC + Te 


O.1 1 10 


t,, RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 - Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRFPC40R, IRFPC42R 


10 . 
“os = O° —S———s— == 
BOrvs PULSE TEST ——- — — 
= wa ge tie oe sae 
¢ ° ‘ 2 oon ose oe ia 
v, 
2 
ti tT iA] i : 
- 71 br 10 a = 
Ww / | 2 SEs = a 
9 6 Fd ee comene, — on 2 = oe 
a 5 & = ae en) 
hes S " mn Siaen Rae! 
oO a ee See 
: z A i 
4 x 
D Ss | 
z ee Se ee oe se = Sa Coe 
3 a So Ee Sa as Se 8 as comes 
= Woos ai EE ce Sal oe — 
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ao « TR bee Sees toe oe ete 
5 2 4 0 a 10 a 40 0.3 0.6 0.9 1.2 1.5 
Ip. ORAIN CURRENT (AMPERES) Vop. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 6 - Typical Transconductance Vs. Drain Current Fig. 7 - Typical Source-Drain Diode Forward Voltage 
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Ty. JUNCTION TEMPERATURE ( °C) Ty. JUNCTION TEMPERATURE ( °C) 
Fig. 8 - Breakdown Voltage Vs. Temperature Fig. 9 - Normalized On-Resistance Vs. Temperature 
3000 
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7) 
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Sane | SFE FIGURE 16 
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Vos: ORAIN-TO-SOURCE VOLTAGE (VOLTS) Gg. TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRFPC4OR, IRFPC42R 


ust 


DRAIN-TO-SOURCE ON RESISTANCE 
w 


Ros (on): 


Ip. ORAIN CURRENT (AMPERES) 


Fig. 12 - Typical On-Resistance Vs. Drain Current 


Vos 


VARY 'p TO OBTAIN 


REQUIRED PEAK |, put . 


'p 


0010 


Fig. 14a - Unclamped Inductive Test Circuit 


Fig. 14b - Unclamped Inductive Waveforms 


Vos + 


vs- | | | 


PULSE WIDTH < 1 us 
DUTY FACTOR <0 1% 


Fig. 15a - Switching Time Test Circuit 


(AMPERES) 
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DRAIN CURRENT 
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Ip. 


25 50 75 100 125 150 
Tc, CASE TEMPERATURE (°C) 


Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Eas. SINGLE PULSE AVALANCHE ENERGY (mu) 


5 50 75 100 125 150 
STARTING Ty, JUNCTION TEMPERATURE ( 9c) 


Fig. 14c - Maximum Avalanche Energy Vs. Starting 
Junction Temperature 


Fig. 156 - Switching Time Waveforms 


IRFPC4OR, IRFPC42R 


Fig. 16a - Basic Gate Charge Waveform Fib. 16b - Gate Charge Test Circuit 
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it HARRIS 


August 1991 


Features 
e IRFPG40: 4.3A, 1000V, rps(ON) = 3-52 


IRFPG40 
IRFPG42 


High Voltage N-Channel Enhancement 
Mode Power Field Effect Transistor 


Package 


TO-247 
TOP VIEW 


° IRFPG42: 3.9A, 1000V, rps(ON) = 4-22 
e UIS SOA Rating Curve (Single Pulse) 
e -559C to 150°C Operating and Storage Temperature 


Description 


The IRFPG40 and IRFPG42 are n-channel enhancement 
mode silicon-gate power field effect transistors. They are 
designed for applications such as switching regulators, 


switching converters, motor drivers, relay drivers, and drivers Terminal Diagram 


for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


N-CHANNEL ENHANCEMENT MODE 


D 
The IRFPG40 and IRFPG42 are supplied in the JEDEC 
TO-247 plastic package. 
G 
Ss 
Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
IRFPG40 IRFPG42 UNITS 

DRA SOO dinners cud acies hears ide ee dae ned Se ee EAS Sea REO Ree DAs ads Vpss 1000 1000 V 
ee ee ee eee ee ee re ee ee re ere ee eee ee eT VDGR 1000 1000 V 
COntMUOUS Didi CONE cn ndacvemseeesosdanteyced ade nweebonedsds etek si ID 4.3 3.9 A 
Pulses Digit CUT acctvccnin cee reensed ben aie bd Dek 108 4a nsdee dene ERS wKOE IDM 17 16 A 
Gale-Source VONAGE iscccsccscvevadsececcspeceensaseess sea Weer seneneans Ves +20 +20 V 
Maximum Power Dissipation 

ici. ee eereeveTTeTeeTE Leer re LE Te Tee Oe Lerer ree cee ceri ee Cree Pp 150 150 W 

Deri Above T= 2596 wavs ccc teoennerseves Set vdaqans chs s0ac¥e see eewR eH 0.83 0.83 W/°C 
Single Pulse Avalanche Energy Rating accascccsd vaseeonsna ene bndeed ees ewena Eas 490 490 mJ 

(See Figure 13) 
Operating and Storage JUNCHON 615 cccvecrs canes eecen enn worse seen Reews Th tere -55 to +150 -55 to +150 sd @) 

Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2879 
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Specifications IRFPG40, IRFPG42 


Electrical Characteristics (Tc = 25°C), Unless Otherwise Specified 


CHARACTERISTICS SYMBOL TEST CONDITIONS 


[brain-Sourcereakdownvotage | oss | p=aaomaves-ov + vou | - |v 
TeateTivesnovotage | Vasmny | Vos=Vosio=o25na | 20 | ao |v 
Zero Gate Voltage Drain Current Ivas=oev ti(‘é‘srY OO R~ Cdf Ll 
Tvos= 1000" To=asec [| - | 250 | wa 
vos=eo0v to=sseee | - | 1000 | wa 


Ip = 2.5A, Vgs = 10V 


On Resistance 
IRFPG40 


DS(ON) 


3.5 9) 


[a2 [a 
[Forward Wanesonducince «dias +t = 28Avpgevow «dt os | - |e 
ros 


td(OFF 
tf 
[ip=3eAVos=s00vves=1v | - | 120 | ro 
[ermal Resistance unstonto tase | Ruc | 
Leteeannekcmacmcell i SAN Sl 


[> [= 
Source-Drain Diode Ratings and Characteristics 


LIMITS 
CHARACTERISTICS SYMBOL TEST CONDITIONS | MIN: | MAX. | UNITS 


Forward Voltage 


Reverse Recovery Time IF = 3.9A, djf/dT = 100 A/us f= | 1000 pons 
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ro) 

tu 
7 
= 
z=O 
<= 
_ 
za 
re) 
po 


DRAIN CURRENT - A 


DRAIN CURRENT - A 


POWER DISSIPATION - W 


IRFPG40, IRFPG42 


DRAIN-TO-SOURCE VOLTAGE - V 


Figure 1 - Typical output characteristics. 


20 30 
DRAIN-TO-SOURCE VOLTAGE - V 


Figure 3 - Typical saturation characteristics. 


0 25 50 75 100 125 150 
CASE TEMPERATURE - C 


Figure 5 - Power vs. temperature derating curve. 


Pulse Width=250us, Duty Cycle 22% Vds=7V 


5 


4 
L¢ 
~ 3 
Lu 
[o <j 
a 
— 
oO 
- 2 
x 
ac 
[om | 
1 
0 
0 2 4 6 8 
GATE-TO-SOURCE VOLTAGE - V 
Figure 2 - Typical transfer characteristics. 
=a fe) 
100.00 = CASE TEMPERATURE = 25° 


DRAIN CURRENT - 


DRAIN-TO-SOURCE VOLTAGE - V 


Figure 4 - Maximum safe operating area. 


pins DURATION = 250uS, DUTY CYCLE = 2% V,. = >70V 


FORWARD TRANSCONDUCTANCE - mho 


DRAIN CURRENT - AA 


Figure 6 - Typical forward transconductance. 


4-546 


IRFPG40, IRFPG42 


NORMALIZED 


REVERSE DRAIN CURRENT - A 
DRAIN-TG-SOURCE BREAKDOWN VOLTAGE 


QO. 
: ' -60 -40 -20 0 20.206 40—Cl—s«BN—t«CPBBWOD 109 120 140 {60 
SOURCE - TO- DRAIN VOLTAGE - V JUNCTION TEMPERATURE - °C 


Figure 7 - Typical source-to-drain diode forward voltage. Figure 8 - Breakdown voltage vs. temperature. 


I,=3.9A, Veg= tOV 5000 FREQUENCY =1 MHz 


. a ll 
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Ps 
x # 
co , 2000 AT a 
eo us = Tp) 
S a z= z ‘e) 
wz 00 <= 
Qa. 

a ~ = 1000 
B S z= 
= re) 
i a. 
= 500 
c 
jaa 
fom) 

0 

00 10 100 
JUNCTION TEMPERATURE - °C DRAIN-TO-SOURCE VOLTAGE - V 
Figure 9 - Normalized drain-to-source on resistance. Figure 10 - Typical capacitance vs. voltage. 


GATE-TO-SOURCE VOLTAGE - V 
DRAIN-SOURCE ON RESISTANCE - ohms 


0 
0 10 20 30 40 50 60 70 80 DRAIN CURRENT -A 
TOTAL GATE CHARGE - nC 


Figure 11 - Typical gate charge. Figure 12 - Typical drain-source on resistance. 
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= A 


DRAIN CURRENT 


IRFPG40, IRFPG42 


If R=0 

tav=(L)(Ias)/(1.3 RATED BVdss-Vdd) 

If R¥0 

tav=(L/R) In€ClasxXR)/(1.3 RATED BVdss - 


LT 
Sl 
wk 


HT SN. 


HF 


.00 10.00 
rime IN AVALANCHE - ms 
Figure 13 - Unclamped inductive switching SOA. Figure 14 - Switching time test circuit. 
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IRFR110 
Ss 
a HARRIS IRFU110 


N-Channel Power MOSFETs 
January 1994 Avalanche Energy Rated 


Features Packages 


¢ 4.7A, 100V JEDEC TO-251AA 


TOP VIEW 
e DS(ON) = 0.540 


SOURCE 
Single Pulse Avalanche Energy Rated oe DRAIN 
SOA is Power-Dissipation Limited GATE 


¢« Nanosecond Switching Speeds 


« Linear Transfer Characteristics JEDEC TO-252AA 
TOP VIEW 


High Input Impedance 


« +175°C Operating Temperature sisi : SOURCE 
TAB RAIN 


Description = 


The IRFR110 and IRFU110 are n-channel enhancement- 


mode silicon-gate power field-effect transistors designed, | Terminal Diagram 

tested, and guaranteed to withstand a specified level of 

energy in the breakdown avalanche mode of operation. N-CHANNEL ENHANCEMENT MODE 
These advanced power MOSFETs are designed for use in 


D 
applications such as switching regulators, switching convert- 
ers, motor drivers, relay drivers and drivers for high-power 
bipolar switching transistors requiring high speed and low 
gate-drive power. These transistors can be operated directly 
from integrated circuits. a 
The IRFU110 is supplied in the JEDEC TO-251AA plastic 
Ss 


*” 
to 
1 Ue 
2s” 
=O 
< & 
Go 
z 

re) 
oa. 


package and the IRFR110 in the JEDEC TO-252AA plastic 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
IRFR110, IRFU110 UNITS 


OPER-SGUICS VOHAGG (1) cece hoc Gc ca 0046 RKU NRK ROTA OHSAS BRET ERE RET DRYER ORES Vos 100 V 
Se Vee biew ert waee antes ood ubedeeseeuat bende baat ee hiaesetenhes VocrR 100 V 
Continuous Drain Current 

Wee epee 4 05 ws ce wd Sed heehee ey bhede cae kn soda enn e¥Eee aC eee le ees Ip 4.7 A 

Te SOG waco ccc cmtynadasoneg esas duced pamedan ov tn eheuvenWanheensnaxes lp 3.3 A 
Pires. Drain CUO eh ocxe ocun nse 64 0eS oon OnE bear OBER se Baad EE bese eRe lom 17 A 
Gat -SOures VONRNS oes ccecctadekncenecdece sande ogi bacaste eens Nond eevawend Ves +20 V 
Maximum Power DISSINAHION ..- i. nsceeeccesi eb nr toe eew en eeauetneenaensenanen es Pp 30 W 
Linear Derating Factor ...c..42ceicawssaarcenvdennannnee sevenewecncanndwectars 0.2 WPC 
Single Pulse Avalanche Rating (3) (See Fig. 14)... 0.2... 0... ee eee Eas 19 mj 
Operating and Storage Temperature 2.0.6 cee cn cece g ete weedens eu wide uae names Ty, Tste -55 to +175 °C 
Maximum Lead Temperature for Soldering ......... 00.0... 0 ccc cece eee cee e ences T 300 °C 


(0.063" (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 


2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. (Figure 5) 
3. Vop = 25V, Starting Ty = +25°C, L = 1.3MH, Re = 25Q, Peak |, = 4.7A. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. Fite Number 397 5.1 
Copyright © Harris Corporation 1994 Lnag 


Specifications IRFR110, IRFU110 


Electrical Characteristics 1, =+25°C, Unless Otherwise Specified 


LIMITS 


TEST CONDITIONS 


oj 
< 


~ 
od vU 


2 
Ves = t20V 

Vos = 100V, Vag = OV 

Vos = 80V, Veg = OV, Ty = +150°C 


250 pA 


N 


Vos > !piony X 'ps(on)Maxr Vas = 10V 4. 


Forward Transconductance (Note 1) | ts | Vos = 2 SOV, Ing = 3.3A 1.3 


0.41 


Input Capacitance Ves = OV, Vos = 25V, f = 1.0MHz } = | 1800 | pF 
See Figure 10 
Reverse Transfer Capacitance po | 15 | pF 
Turn-On Delay Time Vpp = 50V, Ip =5.6A, Rg =240,Rp=9.10,See} - | 7.6 | 11 | ons | 
. Figure 15 (MOSFET switching times are essen- 
tay independent of operating temperature) |__| 24 | 96 | ns _| 
ee 
a 
See Figure 16 (Gate charge is essentially inde- 
pendent of operating temperature) | - | 15 | - | nc | 
fe ce 
Measured from the Modified MOSFET 4.5 nH 
drain lead, 6mm symbol showing the 
(0.25”) from package | internal device 
to center of die. inductances. 
Internal Source Inductance Measured from the ta nH 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 
2S 
i ie) 
Junction to Case a sc Do 
| Recs | Mounting surface flat, smooth and greased poe faz fe | °C/W 
[Fewaroperaion | = | | 00 | or 


Source-Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 


Modified MOSFET 
symbol showing the 
integral reverse P-N 
junction rectifier. 


>) 


(Note 2) 


Diode Forward Voltage (Note 1) 
Reverse Recovery Time 
Reverse Recovery Charge 


Forward Turn-on Time 


Pulse Source Current (Body Diode) 
Vsp 


Ty = +25°C, Is = 5.6A, dl-/dt = 100A/is 46 
Ty = +25°C, Is = 5.6A, dl-/dt = 100A/is 0.17 


Ty = +25°C, Ig = 4.7A, Vag = OV — 
es 
| o7 | 


= 


Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lz + Lp. 


NOTES: 1. Pulse Test: Pulse width < 300ps. 2. Repetitive Rating: Pulse width limited by max. junction temperature. 
Duty Cycle < 2% See Transient Thermal Impedance Curve (Figure 5). 


4-550 


IRFR110, IRFU110 


Performance Curves 


ut | | TTT TT 
a 
PSSsenenr 


10 


(il 
\ 


Ht 


EES 
| | 
a 
fearon 
Leal 
mE 
\acsesasaamiasal 
aes 
a 
a 
ae 
—— 


Ip. ORAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


N-CHANNEL 
POWER MOSFETs 


Ip. ORAIN CURRENT (AMPERES) 
Ip. ORAIN CURRENT (AMPERES) 


‘ames eet) atone 
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103 
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FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFR110, IRFU710 


Performance Curves (Continued) 
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FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN CUR- FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
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FIGURE 8 BREAKDOWN vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs TEMPERATURE 
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FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs GATE-TO-SOURCE 
VOLTAGE VOLTAGE 
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IRFR110, (RFU110 


Performance Curves (Continued) 
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FIGURE 12. TYPICAL ON-RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE TEMPERA- 


VARY tp TO OBTAIN 
REQUIRED PEAK I 
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Ves = 10V 
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FIGURE 14a. UNCLAMPED INDUCTIVE TEST CIRCUIT 
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FIGURE 14b. UNCLAMPED INDUCTIVE WAVEFORMS FIGURE 14c. MAXIMUM AVALANCHE vs STARTING JUNCTION 
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IRFR110, IRFU110 


Performance Curves (Continued) 


PULSE WIDTH < tps 
DUTY FACTOR < 0.1% 


TL 


Ves = 10V 


FIGURE 15a. SWITCHING TIME TEST CIRCUIT FIGURE 15b. SWITCHING TIME WAVEFORMS 


+Vps 
CURRENT ~ (ISOLATED 
REGULATOR SUPPLY) 
SAME TYPE 


GATE VOLTAGE -Vps 
Ig CURRENT == Ip CURRENT 
SAMPLING SAMPLING 
CHARGE —> RESISTOR RESISTOR 


FIGURE 16a. BASIC GATE CHARGE WAVEFORMS FIGURE 16. GATE CHARGE TEST CIRCUIT 
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it HARRIS IRFR120/IRFR121 
IRFU120/IRFU121 


N-Channel Power MOSFETs 
August 1991 Avalanche-Energy-Rated 


Features Packages 


¢ 8.4A, 80V and 100V Lssteonrcins 


e 'DS(on) = 0.272 
— —___ SOURCE 
— —___________9 DRAIN 


eee GATE 


¢ Single Pulse Avalanche Energy Rated 
* SOA is Power-Dissipation Limited 

¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance TO-252AA 
TOP VIEW 


Description 


The IRFR120, IRFR121, IRFU120, IRFU121 are advanced 

power MOSFETs designed, tested, and guaranteed to 

withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are n-channel Terminal Diagram 
enhancement-mode_ silicon gate power _ field-effect 

transistors designed for applications such as switching N-CHANNEL ENHANCEMENT MODE 
regulators, switching converters, motor drivers, relay 

drivers, and drivers for high-power bipolar switching D 
transistors requiring high speed and low gate-drive power. 

These types can be operated directly from integrated 

circuits. 


The IRFU series is supplied in the TO-251AA plastic 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 
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Because of space limitations branding (marking) on type 
IRFR120 is IRF120, IRFR121 is IFR121, IRFU120 is 
IFU120 and IRFU121 is IFU121. 


Absolute Maximum Ratings (TC = 25°C) Unless Otherwise Specified 


Gate-Source Voltage, Vgs 
Continuous Drain Current, Ip 


Pulsed Drain Current (1), Ip 

Single-Pulse Avalanche Energy Rating (2), Eas 
(See Figure 14) 

Maximum Power Dissipation, Pp 

Linear Derating Factor 

Operating and Storage Junction 

Temperature Range, Ty, TSTG 

Maximum Lead Temperature for Soldering, TL 

(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Repetitive Rating: Pulse width limited by max. junction temperature. See 3. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 
Transient Thermal Impedance Curve (Figure 5) 

2. Vop = 25V, Start Ty = +25°C, L = 770uH, Rg = 252, Peak |; = 8.4A 
(See Figures 14 and 15) 


4. Mounting pad must cover heatsink surface area. See Packages. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 241 4 
Copyright © Harris Corporation 1991 
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IRFR120, IRFR121, IRFU120, IRFU121 


ELECTRICAL CHARACTERISTICS, At T, = 25°C (Unless Otherwise Specified) 


[cRARAG TERISTIC [WWE [WIN [TYP [WAR [UNITS [TEST CONDITIONS 


BVpss Drain-to-Source Breakdown IRFR120 100 
IRFU120 
V Ves =OV, Ip = 250 pA 
IRFR121 
IRFU121 


Ros(on) Static Drain-to-Source ial 25 | 0.27 Ves=10V,ID=5.9A 
Ves = 10 V 


Zero-Gate Voltage Drain Current SS Vps = Max. Taine Ves=0V 
Vos = 0.8 x Max. Rating 
1000 
Ves = 0 V,Ty= 150°C 


Voltage 


Gate-to-Source Leakage Forward | ALL | — | — | 500 | Ves = 20 V 
Gate-to-Source Leakage Reverse | ALL | — | — | -500 | Ves = -20 V 
Total Gate Charge ce Rea Ves = 10V, ln =8.4A 
Gate-to-Source Charge | ALL | — | 22 | 33 | nc Vos = 0.8 x Max. Rating 
- Gate-to-Drain (“Miller”) Charge Se See Fig. 16. (Independent of operating temperature) 
ta(on) | Turn-On Delay Time ae Vop = 50 V, ln ~ 8.4 A, Re = 189 
= 5.1 
a(Off) | Turn-Off Delay Time oa ee See Fig. 15 
Fall Time a (Independent of operating temperature) 


Internal Drain Inductance Modified MOSFET 
symbol showing the 
internal inductances. 


Measured from the drain 
lead, 6mm (0.25 in.) from 
package to center of die. 


Measured from the source 
lead, 6mm (0.25 in.) from 

package to source bonding 
pad. 


Internal Source Inductance 


Ves =O0V, Vos = 25 V 
f = 1.0 MHz 
See Fig. 10 


[Em Trout capactanes TAL = 
[ax Output capacitance ALL = [am | | 
[om Reverse WansterCapactance [AL — | [= | 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Continuous Source Current ALL gua Modified MOSFET symbol showing . 
(Body Diode) the integral reverse 
A p-n junction rectifier. 
Pulsed Source Current ALL 34 ° 
(Body Diode) () s 


Vso Diode Forward Voltage (a) PALL | — [ — | 25 | Vv Ty = 25°C, Is = 8.4 A, Vas=0V 
ter Re e Rec Ti 1 
Cr a ee Ni adeith <td ke bas tei aiea 
Forward Turn-On Time ie Intrinsic turn-on time is —s Turn-on speed is substantially controlled by Ls + Lo. 


THERMAL RESISTANCE 


aS a SB 


Recs Case-to-Sink °C/W | Typical solder mount @) 
R gua Junction-to-Ambient Typical socket mount 
G) Repetitive Rating; Pulse width limited by (3) Pulse Width < 300 ys; Duty Cycle < 2%. @) Mounting pad must cover heatsink surface 
maximum junction temperature (see Fig. 5). area. See Case Style drawing on front page. 


(2) At Vop = 25 V, Starting Ty = 25°C, 
L = 770 WH, Re = 252, Peak l. = 8.4 A. 
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IRFR120, iRFR121, IRFU120, IRFU121 


The information shown on the following graphs applies also to the IRFU devices. 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Ves = BV 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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BVpgg. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 


C, CAPACITANCE (pF) 


IRFR120, IRFR121, IRFU120, IRFU121 


Vos > 50V 
80ps PULSE TEST 


(SIEMENS) 


PV LAT vrs] [7 
AA it tt 
'/ SSR RRR 


TRANSCONDUCT ANCE 


“0 3 6 fe) 12 15 
Ip. DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 


(NORMAL IZED) 
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Fig. 8 - Breakdown voltage vs. temperature. 


1MH2 
g: Cys SHORTED 


tes * G 


800 
600 
pall Ri 
aun Ts TT 
NOT 
q 
200 
SC 
sL_| Pits Poth 
2 5 10° 


Vos: ee VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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DRAIN-TO-SOURCE ON RESISTANCE 
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Fig. 7 - Typical source-drain diode forward voltage. 
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Ros (on): 


Fig. 9 - Normalized on-resistance vs. temperature. 


Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 


: SEE FIGURE 16 
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9° TOTAL GATE CHARGE 
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Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


IRFR120, IRFR1217, IRFU120, IRFU121 
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iBOps PULSE ST 


“LETT TTT 
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Ves = 10V j 
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COC 
SLCLEC TAL 
Senn) >-400 


DRAIN-TO-SOURCE ON RESISTANCE 


Ros (on): 


aie 8 16 24 32 40 


Ip. DRAIN CURRENT (AMPERES) 
Fig. 12 — Typical on-resistance vs. drain current 


VARY tp TO OBTAIN 
REQUIRED PEAK I. 
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Vas= 10V 
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Fig. 14b — unclamped inductive waveforms 


Fig. 16a — Basic gate charge waveform 
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Pe 50 75 100 125 150 175 
Tc. CASE TEMPERATURE (‘C) 


Fig. 13 — Maximum drain current vs. case 
temperature 
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PULSE WIDTH < 11S 
DUTY FACTOR < 0.1% 


Fig. 15a — switching time test circuit 
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Fig. 16b — Gate charge test circuit 
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M HARRIS IRFR214 
SEMICONDUCTOR IRFU214 


N-Channel Power MOSFETs 


March 1994 Avalanche Energy Rated 
Features Package 
¢ 2.2A, 250V TO-251AA 
TOP VIEW 
° DS(on) = 2.00 
e Single Pulse Avalanche Energy Rated SOURCE 
DRAIN DRAIN 
° SOA is Power-Dissipation Limited Li ae 
e Nanosecond Switching Speeds 
e¢ High Input Impedance 
¢ +150°C Operating Temperature TO-252AA 
TOP VIEW 
Description 
SOURCE 
The IRFR214 and IRFU214 (TA17443) are n-channel enhance- DRAIN . 
ee , DRAIN 
ment-mode silicon-gate power field-effect transistors designed, TAB 
tested, and guaranteed to withstand a specified level of energy in Fall GATE 
the breakdown avalanche mode of operation. These advanced 
power MOSFETs are designed for use in applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers and drivers for high-power bipolar switching transistors | Terminal Diagram 
requiring high speed and low gate-drive power. These transistors 
can be operated directly from integrated circuits. D 
The IRFU214 is supplied in the JEDEC TO-251AA plastic package 
and the IRFR214 in the JEDEC TO-252AA plastic package. 
G 
S 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
IRFR214, IRFU214 UNITS 
CNG WIG LT ic sinus xe keane ean sw ed Heong nets venus enceneene Vos 250 V 
TGA SRLS VONSOG sain ina oe cence dvds oe os eee e RAO we Kes ORT AEROS Voar 250 V 
Continuous Drain Current 
TREE Orcas ue rn wecnavanssebndsuve teuwees code cde piueenehuns Ip 2.2 A 
Te Gicc hayeveavcbewheceydasuddneehschesessennavehedncess lp 1.4 A 
Pulsed Drain CUMBAIZ) .kccccenss eerie tide vide nes ovesnnade bes + a8 lom 8.8 A 
SOUS VONAGE 6 cone cd enehsces hewn aeesste vésaeneds ivewens 62 Ves +20 V 
Max POWs! DIEEIDRTION 6 oc ciciesc cee nvewe rane neh enladknenw eens es Pp 25 WwW 
Linger DOtung Pagel sia seid aiaacas deccbataasdensecasao one beennesed 0.20 WC 
Single Pulse Avalanche Rating (3) (See Fig. 12)........... 0c cece eee ees Eas 61 mj 
Operating and Storage Temperature ......... 2.0... cee eee eee ees Ty, Tstg -55 to +150 °¢ 
Maximum Lead Temperature for Soldering ............ ce cece eee eee eee TL 300 °C 
(0.063" (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C. 
2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. 
3. Vpp = SOV, Starting T, = +25°C, L = 21mH, Reg = 250, Peak |, = 2.2A 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3274 


Copyright © Harris Corporation 1992 
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Specifications IRFR214, IRFU214 


Electrical Characteristics TT, = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage Ip = 250A, Ves = OV 


Gate Threshold Voltage Vesithy | Vas = Vos, !p = 250A 


Ves = +20V 


Vps = 250V, Vgg = OV 
Vos = 200V, Ves = OV, Ty = +125°C 


5 


Gate-Source Leakage Current 


Zero Gate Voltage Drain Current 


.— 
> 


On Resistance (Note 1) 


ie) 
oO 


DS(ON) Ip = 1.3A, Ves = 10V 
Vos = 50V, los = 1.3A 


Ves = OV, Vos = 25V, f = 1.0MHz 
See Figure 10 


Forward Transconductance (Note 1) 


nN 
oO 
oO 
> 


Input Capacitance 


Tc 


Output Capacitance 


> 
Nh 


Mel a Bede Bead 
ron) oO} Oo 


Coss 


Reverse Transfer Capacitance 


Turn-On Delay Time 


rol 


Vpp = 125V, Ip = 2.7A, Re = 24Q, Rp = 45Q, See 
Figure 15 (MOSFET switching times are essen- 
tially independent of operating temperature) 


ON) 
Rise Time 


Turn-Off Delay Time 
Fall Time 
Total Gate Charge 


lop) 


OFF) 


Nh 

moto 
oe 
= 
o 


Ves = 10V, Ip =2.7A Vos = 0.8 x Max Rating. 
See Figure 16 for test circuit (Gate charge is es- 
sentially independent of operating temperature) 


3 
O 


aa 


_ 
fo) 


Gate-Source Charge 
Gate-Drain (“Miller”) Charge 


_ 
co 


C 


a} 


fol fe) 
Be) = 2. i?) 
ree] | ce ° ; ° 
o wo 


Measured from the Modified MOSFET 
drain lead, 6mm symbol showing the 
(0.25”) from package | internal device 

to center of die. inductances. 


Internal Drain Inductance 


3S 
ae 


Measured from the 
source lead, 6mm 

(0.25") from header 
and source bonding 
pad. 


Internal Source Inductance 


e 
re) 


Min 
o 
= 


Junction to Case 


Case-to-Sink 


Mounting surface flat, smooth and greased 


Source-Drain Diode Ratings and Characteristics 


= 


Junction to Ambient 


Modified MOSFET 
symbol showing the 
integral reverse P-N 
junction rectifier. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current (Body Diode) 
(Note 2) 


Diode Forward Voltage (Note 1) 
Reverse Recovery Time . 
Reverse Recovery Charge 


Forward Turn-on Time 


Vsp Ty = +25°C, Isp = 2.2A, Ves =0V 


tr | Ty = +25°C, Igp = 2.7A, digp/dt = 100A/us 97 pe 390 pons | 
T, = +25°C, Ign = 2.7A, dlgp/dt = 100A/is jose { - | 13 | nc 


Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lp. 


o 


N 


NOTES: 1. Pulse Test: Pulse width < 300us. 2. Repetitive Rating: Pulse width limited by max. junction temperature. 
Duty Cycle < 2% See Transient Thermal Impedance Curve (Figure 11). 
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IRFR214, IRFU214 


Performance Curves 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS (T, = +25°C) FIGURE 2. TYPICAL OUTPUT CHARACTERISTICS (Tc, = +150°C) 
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FIGURE 3. TYPICAL TRANSFER CHARACTERISTICS FIGURE 4. NORMALIZED ON-RESISTANCE vs TEMPERATURE 
- TT] Vos = OV. f = IMHz 
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Ves, Gate-to-Source Voltage (volts) 
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FIGURE 5. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 6. TYPICAL GATE CHARGE vs GATE-TO-SOURCE 
VOLTAGE VOLTAGE 
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IRFR214, IRFU214 


Performance Curves (continued) 


Isp, Reverse Drain Current (Amps) 


Ben ae to- Drain Voltage voile’ 


FIGURE 7. TYPICAL SOURCE DRAIN DIODE FORWARD VOLTAGE 


Ip, Drain Current (amps) 


To, Case Temperature (°C) 


FIGURE 9. MAXIMUM DRAIN CURRENT vs CASE TEMPERATURE 


— ese ot PT 


Thermal Responce (Z jc) 


1075 io* 4073 


iiimamnt er 


PULSE WIDTH < 1s 


100.0 —— ) 


OPERATION IN THIS AREA f 
LIMITED BY roecony 


oO 
. 
o 


1.0 


Ip. Orain Current (Amps) 


‘ 
x 
x 
NS 


sa 


100 
hes Drain- bee Source Vol tage vest ted 


FIGURE 8. MAXIMUM SAFE OPERATING AREA 
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DUTY FACTOR < 0.1% 
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FIGURE 10b. SWITCHING THE WAVEFORMS 


ll NOTES: 
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FIGURE 11. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFR214, IRFU214 


Performance Curves (Continued) 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


Reg 


JLiov 


tp 


FIGURE 12a. UNCLAMPED INDUCTIVE TEST CIRCUIT 


BVpss 


Vpp 


FIGURE 12b. UNCLAMPED INDUCTIVE WAVEFORMS 


CHARGE —> 
FIGURE 13a. BASIC GATE CHARGE WAVEFORM 


4-564 


Eas, Single Pulse Energy (mJ) 


25 50 fe 
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FIGURE 12c. MAX. AVALANCHE ENERGY vs DRAIN CURRENT 
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FIGURE 13b. GATE CHARGE TEST CIRCUIT 
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HARRIS IRFR220/221/222 
IRFU220/221/222 


N-Channel Power MOSFETs 


August 1991 Avalanche-Energy-Rated 
Features Packages 
7. TO-251AA 
3.8A and 4.6A, 150V and 200V TOP VIEW 


* rDS(on) = 0.802 and 1.20 


: a 
e Single Pulse Avalanche Energy Rated — SOURCE 
; a — Tag elremememmenme 0) 27! 
e SOA is Power-Dissipation Limited 
GATE 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


switching regulators, switching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 


D 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 
The IRFU series is supplied in the TO-251AA plastic G 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 
S 


Because of space limitations branding (marking) on type 
IRFR220 is IRF220, IRFR221 is IFR221, IRFR222 is 
IRF222, IRFU220 is IFU220 and IRFU221 is IFU221, 
IRFU222 is IFU222. 


¢ High Input Impedance TO-252AA 
TOP VIEW 
Y_ SOURCE 
Description nn 7) DRAIN 

The IRFR220, IRFR221, IRFR222, IRFU220, IRFU221 and J GATE o 
IRFU222 are advanced power MOSFETs designed, tested, 
and guaranteed to withstand a specified level of energy in IT Li. 
the breakdown avalanche mode of operation. These are Terminal Diagram = rs 
n-channel enhancement-mode silicon gate power {i= 
field-effect transistors designed for applications such as N-CHANNEL ENHANCEMENT MODE @ o 
zs 
Oo 
a 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRFR220/221 IRFR222 
IRFU220/221 IRFU222 UNITS 
Continuous Drain Current 
TGs iscc cea nes te eversstenesess re neancemewenanae’ ID 4.6 3.8 A 
TE TOONS cnc cnc eke nw ite ensanresneseeee sea neces vianees Ip 2.9 2.4 A 
PURE RE COGN soo ned osdeneticgena nd eeSe nnd tenee can IDM 18 15 A 
Cale SOurGl VONAGG os ccn cee ce ant casas ceinensdenn sas wes an Vas +20 +20 V 
Maximum Power Dissipation 
let... (here wrrr rte eer rrr errr Teer Teer creer es rr re Pp 50 50 W 
LiNGal CGT FOCI sco idaxvnsdbaGewdeesabednoiees taveseutaiers 0.4 0.4 W/°C 
Single Pulse Avalanche Energy Rating (2)..............0eeeeee Eas 85 85 mJ 
Operating and Storage Junction ........ 2... c eee ee eee eee Ty, TSTG ~55 to +150 -55 to +150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ............eeeeeeees Th 300 300 °C 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 3. Mounting pad must cover heatsink surface area. See Packages. 


2. Vpp = 10V, Start Ty = +25°C, L = 6.18mH, Rg = 50M, Peak |, = 4.6A 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. 
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IRFR220, IRFR2217, IRFR222, [RFU220, IRFU221, IRFU222 


ELECTRICAL CHARACTERISTICS, At T, = 25°C (Unless Otherwise Specified) 
CHARACTERISTIC TEST CONDITIONS 


BVoss Drain-to-Source Breakdown 
Voltage 


Ves = 0 V, Ip = 250 pA 


Ros(on) Static Drain-to-Source 
On-State Resistance () 


IRFU220 
IRFU221 
IRFR222 
IRFU222 


Vas= 10 V, Ip = 2.4 A 


Ip(on) On-State Drain Current (4) 


Vos > Ip(on) x Ros(on) Max. 
Vas =10V 


Vos = Max. Rating, Vas= OV 
Vos = 0.8 x Max. Rating 

Vos = OV, Ty = 125°C 

Ves = 20V 

Vas =-20V 

Vas = 10V, ln =4.6A 
Vos = 0.8 x Max. Rating 

See Fig. 16. (Independent of operating temperature) 
Voo = 100 V, lo = 4.6 A, Ra = 189 
Ro = 18 
See Fig. 15 

(Independent of operating temperature) 


Modified MOSFET 
symbol showing the 
internal inductances. 


Ves(th) Gate Threshold Voltage } ALL | 2.0 | 
Ole Forward Transconductance (1) 


Measured from the drain 
lead, 6mm (0.25 in.) from 
package to center of die. 


Lo Internal Drain Inductance 


Internal Source Inductance ALL 7 


Measured from the source 
lead, 6mm (0.25 in.) from 

package to source bonding 
pad. 


Vos =O V, Vos = 25 V 
pF f= 1.0 MHz 
See Fig. 10 


UNITS TEST CONDITIONS 


Modified MOSFET symbol showing 
the integral reverse 


Cise Input Capacitance ALL 
Coss Output Capacitance ALL 
Cras Reverse Transfer Capacitance ALL 
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Continuous Source Current 
(Body Diode) 


Pulsed Source Current 
L 
L 
L 


p-n junction rectifier. 


(Body Diode) 


Vso Diode Forward Voltage (4) 
170 
Qar Reverse Recovery Charge 0.30 | 0.72 


THERMAL RESISTANCE 
Rec Junction-to-Case 


Regcs Case-to-Sink 


Rega Junction-to-Ambient 


©) Pulse Width < 300 ws; Duty Cycle < 2%. @ Voo = 10 V, Starting Ty = 25°C, @ Mounting pad must cover heatsink surface 
L = 6.18 MH, Re = 509, Peak il = 4.6A. area. See Case Style drawing on front page. 
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IRFR220, IRFR2217, IRFR222, [RFU220, IRFU221, IRFU222 


The information shown on the following graphs applies also to the IRFU devices. 
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Fig. 1 - Typical output characteristics. Fig. 2- Typical transfer characteristics. 
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OPERATION IN THIS AREA 
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Ip DRAIN CURRENT (AMPERES) 
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HAN 
ZA: : a [Hitra COE 
a "o =e 1 100 1000 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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N-CHANNEL 
POWER MOSFETs 


IRFR220, IRFR221, IRFR222, IRFU220, IRFU221, IRFU222 


(SIEMENS) 


TRANSCONDUCT ANCE 


Ip. DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 
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Sh. SEM 


BVpssg. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMAL IZED) 


"259-40 -20 0 20 40 60 80 100 120 140 160 
Ty, JUNCTION TEMPERATURE ( °C) 


Fig. 8 - Breakdown voltage vs. temperature. 


gs * gg: Cys SHORTED 


800 * “as 
Coss = Cas * Cgg fgg / (Cys + Cgq) 
on * Cy. + C 
= oo| IL 
es SS 
3 — 
: See 
< 
a 400. 
O 
oO 
200 
) 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Tpp. REVERSE DRAIN CURRENT (AMPERES) 


OQ. 


0. 0 1.5 


Vsp: ‘Ste 7 sna wake vol tl 


Fig. 7 - Typical source-drain diode forward voltage. 


DRAIN-TO-SOURCE ON RESISTANCE 
(NORMAL IZED) 
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Fig. 9 - Normalized on-resistance vs. temperature. 


Veg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 


0 SEE FIGURE 16 
0 2 4 6 8 10 
Qo. TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


IRFR220, IRFR221, IRFU220, IRFU221 


Perret tt tt 


DRAIN-TO-SOURCE ON RESISTANCE 


Ros (on): 


Ip. ORAIN CURRENT (AMPERES) 


Fig. 12 — Typical on-resistance vs. drain current 


VARY tp TO OBTAIN 
REQUIRED PEAK 1 


oh 
Vgs= 10V 
tp 


Res 


Fig. 14b — unclamped inductive waveforms 


GATE 
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ee 
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Fig. 16a — Basic gate charge waveform 
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IRFU220,221 
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RFU222 
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Tce. CASE TEMPERATURE (°C) 


Ip. ORAIN CURRENT 


Fig. 13 — Maximum drain current vs. case 
temperature 


Vos 
DUT 
I Re + 
Ves= 24 | ~ Yop 


PULSE WIDTH < 1.8 
DUTY FACTOR < 0.1% 


Fig. 15a — switching time test circuit 
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Fig. 15b — switching time waveforms 
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Fig. 16b — Gate charge test circuit 
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IRFR320/321/322 


IRFU320/321/322 


August 1991 


N-Channel Power MOSFETs 
Avalanche-Energy-Rated 


Features Packages 
IRFU320/321/322 TO-251AA 
e 2.6A and 3.1A, 350V and 400V TOP VIEW 
® fDS(on) = 1.802 and 2.59 
(on) > SOURCE 
e Single Pulse Avalanche Energy Rated DRAIN 
TAB ee AI 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


© High Input Impedance 


mijmamemanmanse Fo! yy = 


IRFR320/321/322 TO-252AA 


TOP VIEW 
0 SOURCE 
— DRAIN 
Description TAB [] DRAIN 
The IRFR320, IRFR321, IRFR322, IRFU320, IRFU321 and [0 GATE 


IRFU322 are advanced power MOSFETs designed, tested, 
and guaranteed to withstand a specified level of energy in 
the breakdown avalanche mode of operation. These are 
n-channel enhancement-mode _ silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


relay drivers, and drivers for high-power bipolar switching D 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 
The IRFU series is supplied in the TO-251AA plastic G 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 
Because of space limitations branding (marking) on type Ss 
IRFR320 is IRF320, IRFR321 is IFR321, IRFR322 is 
IRF322, IRFU320 is IFU320 and IRFUS321 is IFU321, 
IRFU322 is IFU322. 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
IRFU320/321 IRFU322 
IRFR320/321 IRFR322 UNITS 

Continuous Drain Current 

DOG, 2s saeecunteeccintastaecessieewnapsceqennaannes 3.1 2.6 A 

RTI cractindvcoed vadewastwiet sbeevetiewWaewne es 2.0 1.7 A 
Pulsed Drain QCurreit « isis ctcescaccswes se cavs ov cared ans ove ens IDM 12 10 A 
Gate-Source VOWRGe <icncccscssswcesswneus caasanasws cua wy Vas +20 +20 V 
Maximum Power Dissipation 

Ui Gi ca ccaidievwentanwcnrestahsnecacstibadarweceese Pp 50 50 Ww 
Linker Daeratiig Fag 02c62n< sad wwarane casaerkheandee Seu oe Rne ws 0.4 0.4 W/°C 
Single Pulse Avalanche Energy Rating (2)...........c0eeeeeeee Eas 190 190 mJ 
Operating and Storage Junction ......... ce .cecesceneoes Ty, TSTG -55 to +150 -55 to +150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ............. eee eens ia 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 
2. Vop = SOV, Start Ty = +25°9C, L = 3.1mH, Rg = 25M, Peak IL = 3.1A 


3. Mounting pad must cover heatsink surface area. See Packages. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications [RFR320, IRFR321, IRFR322, IRFU320, IRFU321, IRFU322 


ELECTRICAL CHARACTERISTICS, At T, = 25°C (Unless Otherwise Specified) 


nn ST 


BVoss Drain-to-Source Breakdown IRFR321 
Voltage IRFU321 


IRFR320 
Ves = OV, In = 250 ps 


Ros(on) Static Drain-to-Source 
On-State Resistance (4) 


Ves=10V, ln =1.7A 


pare 
te?) 
= 
fe) 


In(on) §On-State Drain Current Q) 


Vos > Ip(on) x Ros(on) Max. 
Vas=10V 


Vos = Vas, lo = 250 pA 
S (UW) |Vos2 50 V, los = 1.7A 


Vos = Max. Rating, Ves = OV 

LA Vos = 0.8 x Max. Rating 

Vos = OV, Ty = 125°C 

Ves = 20 V 

Ves = -20 V 

Ves=10V, lb =3.1A 

Vos = 0.8 x Max. Rating 

See Fig. 16. (Independent of operating temperature) 
Voo = 200 V, Ip = 3.1 A, Ra = 189 

Ro = 569 

See Fig. 15 

(Independent of operating temperature) 


Measured from the drain Modified MOSFET 

lead, 6mm (0.25 in.) from symbol showing the 

package to center of die. internal inductances. 
i] 


Ves(th) Gate Threshold Voltage (1) 
Forward Transconductance 


Zero-Gate Voltage Drain Current 


“e Gate-to-Drain _ Charge 


Internal Drain Inductance 


N-CHANNEL 
POWER MOSFETs 


a 6 


Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 
pad. 


Internal Source Inductance 


Ves= OV, Vos = 25 V 
f = 1.0 MHz 
See Fig. 10 


Ciss Input Capacitance 
Coss Output Capacitance 
Cras Reverse Transfer Capacitance 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


—_ 
a) ro) 
= 


v0 S = 


Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lp. 


sa 


Forward Turn-On Time 


Ube RESISTANCE 


Junction-to-Case 
Case-to-Sink 


°C/W | Typical solder mount @) 


CHARACTERISTIC TYPE | MIN. | TYP. |MAX. | UNITS TEST CONDITIONS 
Continuous Source Current Modified MOSFET symbol showing 7 
(Body Diode) the integral reverse 
A p-n junction rectifier. : 
Pulsed Source Current 
(Body Diode) 3 
Diode Forward Voltage (1) p ALL | — | — J 16] VL Ty = 25°C, Is = 3.1 A, Vas=0V 
Reverse Recovery Time 270 
ie fr Tne cae ae Femme hasns dime wetin 


Hal | 


Raga Junction-to-Ambient Typical socket mount 
Q) Pulse Width < 300 ps; Duty Cycle < 2%. On Voo = 50 V, Starting Ty = 25°C, (3) Mounting pad must cover heatsink surface 
L = 3.1 MH, Re = 25, Peak IL =3.1A. area. See Case Style drawing on front page. 
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Ip. DRAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) 


a 


WwW 


Lav) 


i 
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IRFR320, IRFR321, IRFR322, IRFU320, IRFU321, IRFU322 


The information shown on the following graphs applies also to the IRFU devices. 
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Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. 


ann 
et tT Ys ov 
Pt] | Yer | 
EEE 4a 
2aP sBasaw? 
|| wrt 

a? Gee 
| ie 
clea ied cecil 


2 a 2 


0 6 ) 12 iS 
Vos: peal TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. 
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Fig. 2 - Typical transfer characteristics. 
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Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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Fig. 


BVpgg: DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


C, CAPACITANCE (pF) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


TRANSCONDUCTANCE (SIEMENS) 


SFfs: 


(NORMAL IZED) 
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IRFR320, IRFR321, IRFR322, IRFU320, IRFU321, IRFU322 


I “an amen reel 


6 - Typical transconductance vs. drain current. 
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Fig. 8 - Breakdown voltage vs. temperature. 
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Igp. REVERSE DRAIN CURRENT (AMPERES) 
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Vsp: SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 


Ros (on): DRAIN-TO-SOURCE ON RESISTANCE 


(NORMAL IZED) 
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Fig. 9 - Normalized on-resistance vs. temperature. 


Veg: GATE-TO-SOURCE VOLTAGE (VOLTS) 
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FOR TEST CIRCUIT 
SEE FIGURE 16 
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Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFR320, IRFR321, IRFR322, IRFU320, IRFU321, IRFU322 


IRFR322 
IRFU322 


DRAIN-TO-SOURCE ON RESISTANCE 


In DRAIN CURRENT (AMPERES) 


rs 
= 
wo 
ra 
"25 50 75 100 125 150 
Ip. ORAIN CURRENT (AMPERES) Tc CASE TEMPERATURE (DEG °C) 
Fig. 12 — Typical on-resistance vs. drain current Fig. 13 — Maximum drain current vs. case 
temperature 
Vos 
Rp 
Vos 
VARY tp TO OBTAIN DUT 


REQUIRED PEAK |, 


oh 
Ves= 10V 
'p 


Res 


Vpp I Rg + Vv 
Vag= 10V _ 0b 


PULSE WIDTH < ipS 
DUTY FACTOR < 0.1% 


Fig. 15a — switching time test circuit 
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Fig. 14b — unclamped inductive waveforms Fig. 15b — switching time waveforms 
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Fig. 16a — Basic gate charge waveform Fig. 16b — Gate charge test circuit 
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om _ IRFR410 
SEMICONDUCTOR IRFU410 


1.5A, 500V Avalanche Energy Rated N-Channel 


September 1992 Enhancement Mode Power MOSFETs 
Features Packages 
TO-251AA 
e 1.5A, 500V TOP VIEW 


er = 7.00 

disea SOURCE 
¢ Single Pulse Avalanche Energy Rated ae DRAIN 
¢ SOA is Power-Dissipation Limited GATE 


¢ Nanosecond Switching Speeds 


¢ High Input Impedance Ls aceite 
e +150°C Operating Temperature 

SOURCE 
Description ae DRAIN 
The IRFR410 and IRFU410 are n-channel enhancement- om 
mode silicon-gate power field-effect transistors designed, 
tested, and guaranteed to withstand a specified level of . , 
energy in the breakdown avalanche mode of operation. Terminal Diagr. am 


These advanced power MOSFETs are designed for use in N-CHANNEL ENHANCEMENT MODE 
applications such as switching regulators, switching convert- 


” 
th 
7 i 
2 
=O 
< = 
9 
= 

re) 
a. 


ers, motor drivers, relay drivers and drivers for high-power a 
bipolar switching transistors requiring high speed and low 
gate-drive power. These transistors can be operated directly 
from integrated circuits. 
The IRFR410 is supplied in the JEDEC TO-252AA plastic ° 
package and the IRFU410 in the JEDEC TO-251AA plastic 
package. 
Ss 


Absolute Maximum Ratings (Tc. = +25°C), Unless Otherwise Specified 
IRFR410, IRFU410 UNITS 


Drain-Source Voliage (1) ccscsacsccswetes seceeusect nsec sew suas kuna se ee ee nee 8 Vos 500 V 
Continuous Drain Current 

TeSAGS Owen aieachuea cat beseNee eet eaWe wade denae se eeeenaneKeesaeOenee Ip 1.5 A 

oot eT ee re tree Pere er eee rer eT se rrr Ip 12 A 
Piles Dian COO iicoscadesceecnenewh ateeadwe eeck eee awed beees neweseres lpm 3.0 A 
DO SOU0R VOUAOS src co ste rest ae eens esate ane eaewe beer cdtenesw Whee eacews Ves +20 V 
Maximum Powar Dissipation .2..siccsecvcssdosasenss canes nas sere voes tase ewe aS Pp 42 W 
Linear Derating Factor ss s24sscsezvased oi coves sees esas eicasi na census cand eeees 0.33 WPC 
Single Pulse Avalanche Rating (3) (See Fig. 13)... 0... ce eee eee eee eee eens Eas 45 mj 
Operating and Storage TEMPperalure) 1.46 ccccsvcasconnnavesaeeccanw eens eee eee as Ty, Tstg -55 to +150 °C 
Maximum Lead Temperature for Soldering ........... 2 cece eee ccc ee eee eee eae TL 300 a * 
(0.063" (1.6mm) from case for 10s) 
NOTES: 


1. Ty = +25°C to +150°C. 
2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. (Figure 11) 
3. Vpp = 5OV, Starting Ty = +25°C, L = 40mH, Re = 25Q, Peak I, = 1.5A. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3372 
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Specifications IRFR410, IRFU410 


Electrical Characteristics TT, = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage Ip = 250pA, Veg = OV 


Temperature Coeffecient of Break- ABVpse/ | Reference to +25°C, Ip = 250A 
down Voltage 


Vas = Vos: Ip = 250pA 


Vas = +20V 
Vos = 500V, Ves = OV 
Vos = 500V, Ves = OV, Ty = +125°C 


Ip = 1.5A, Ves = 10V 
Vos = 5OV, Ipg = 0.75A 


Vescth) 


'DS(ON) 


Ves = OV, Vos = 25V, f = 1.0MHz 
See Figure 5 


Ciss 
Coss 


Crss 


Vop = 250V, Ip = 1.5A, Res = 240, Ry = 167Q, 
See Figures 10 and 12 (MOSFET switching 

times are essentially independent of operating 
temperature) (Note 1) 


ta(on) 


tg(OFF) 


Ves = 10V, Ip = 1.5A, Vos =0.8x BVpss- See 
Figure 6 (Gate charge is essentially indepen- 
dent of operating temperature) (Note 1) 


Internal Drain Inductance Measured from the Modified MOSFET 


Oo 


drain lead, 6mm 
(0.25”) from package 
to center of die. 


Measured from the 
source lead, 6mm 
(0.25") from package 
to source bonding 
pad. 


Internal Source Inductance 


Junction to Case R 


> 


Case-to-Sink 


Junction to Ambient 


aC 
Rosa 


Source-Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse P-N 
junction rectifier. 


Continuous Source Current 
(Body Diode) 


Pulse Source Current (Body Diode) 
(Note 2) 


Diode Forward Voltage (Note 1) Vsp 


Reverse Recovery Time (Note 1) 


=z 


Forward Turn-on Time 


NOTES: 1. Pulse Test: Pulse width < 300ps. 
Duty Cycle < 2% 


4-576 


Mounting surface flat, smooth and greased 


Ty = +25°C, Isp = 1.5A, Ves =O0V 


ter Ty = +25°C, Isp = 5A. dlsp/dt = 100A/ps 


Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg+Lp. 


symbol showing the 
internal device 
inductances. 


oS 


+ 
S 


2. Repetitive Rating: Pulse width limited by max. junction temperature. 
See Transient Thermal Impedance Curve (Figure 11). 


IRFR410, IRFU410 


Performance Curves 


nl iva 


Drain Current Comps) 


250us PULSE WIDTH 
Te =25°C 


ty 


10.0 100.0 
_ Drain-to-Source Vol toge (vol ts) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS, T, = +25°C 


Droin Current Camps) 


In: 


5 6 
Veg - Gate Vol tage Cvol ts) 


FIGURE 3. TYPICAL TRANSFER CHARACTERISTICS 


Ciss™ C gs + Co. Cds Shorted 
Crgg = Cog 


Capacitance (pF) 


5 0 15 
Vos. Orain-to-Source Voltage Cvolts> 


FIGURE 5. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


Droin Current Comps) 


250us PULSE WIDTH 
Te = 150°C 


0.1 1.0 10.0 100.0 500.0 
Vog + Orain-to-Source Voltage (volts) 


FIGURE 2. TYPICAL OUTPUT CHARACTERISTICS, T, = +150°C 


. Droin-to-Source On Resistonce 


R DSCon) 


0 
-60 -40 -20 O 20 40 =«60 80 100 120 140 160 
Ty. Junction Temperature (°C) 


Gate-to-Source Voltage (V) 


Ves . 


oO 1! 2 3 4 5 6 7 8 9 
Qg. Total Gote Chorge (CnC) 


10 Wt 12 139 «+14 «15 


FIGURE 6. TYPICAL GATE CHARGE vs GATE-TO-SOURCE 
VOLTAGE 
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N-CHANNEL 
POWER MOSFETs 


IRFR410, IRFU410 


Performance Curves (Continued) 


a ae a ae 


Source-to-Droin Current 


-_ 


0.4 0.5 0.8 0.7 0.8 0.8 1.0 
Vsp . Source-to-Drain Vol tage 


FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 


2.0 


Droin Current (Comps) 


0 
- 
on 


Tc. Cose Temperoture (°C) 


FIGURE 9. MAXIMUM DRAIN CURRENT vs CASE TEMPERA- 
TURE 


2s 
+H HSS 


Single Pulse 


ieee 


Normol ized Thermal Response 


1. Duty Factor D=t,/to 
ec. Peak Ty"Pom x Zpjict Tey 


10°5 1074 10°3 10-2 0.1 1 10 
t,;. Rectongular Pulse Duration (s) 


FIGURE 11. MAXIMUM EFFECTIVE TRANSIENT THERMAL 
IMPEDANCE, JUNCTION-TO-CASE 


Seemnsiiiinecarean 
ye ee 


i 


Drain Current (CA) 
bad 


aaa na 
Straten Voltage (CV) 


FIGURE 8. MAXIMUM SAFE OPERATING AREA 


50% 
PULSE WIDTH —_—>| 


FIGURE 10. SWITCHING TIME WAVEFORMS 


Vpp 
RL 
Vos 
Ves 
| = 


FIGURE 12. SWITCHING TIME TEST CIRCUIT 
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IRFR410, IRFU410 


Performance Curves (Continued) 


STARTING Tj = 25°C 
STARTING Tj = 150°C 


tav-(L )(Jas)/C 1.3 RATED BYdes-Vdd) 
If Rv | | 1 | vb 


0.5 
0.005 0.010 0.100 1.000 
tay. Time in Avalanche (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING CIRCUIT 


FIGURE 15. UNCLAMPED INDUCTIVE SWITCHING WAVEFORMS 
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@) HARRIS IRFR420/421/422 
IRFU420/421/422 


N-Channel Power MOSFETs 
August 1991 Avalanche-Energy-Rated 


Features Packages 


e 2.2A and 2.5A, 450V and 500V sialon is oe. 


* rDS(on) = 3.02 and 4.02 


SC) SOURCE 
— — J DRAIN 
wniesonsremmemeen fc! ig f= 


e Single Pulse Avalanche Energy Rated 
¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


e High Input Impedance IRFR420/421/422 TO-252AA 
TOP VIEW 


J SOURCE 
Description [J DRAIN 


The IRFR420, IRFR421, IRFR422, IRFU420, IRFU421 and Pui] GATE 
IRFU422 are advanced power MOSFETs designed, tested, 

and guaranteed to withstand a specified level of energy in the - - 

breakdown avalanche mode of operation. These are N-channel Terminal Diagram 
enhancement-mode silicon gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be oper- 
ated directly from integrated circuits. 


The IRFU series is supplied in the TO-251AA plastic pack- 
age and the IRFR series is supplied in the TO-252AA sur- 
face-mount plastic package. 


N-CHANNEL ENHANCEMENT MODE 


D 


Because of space limitations branding (marking) on type 
IRFR420 is iFR420, IRFR421 is IFR421, IRFR422 is 
IFR422, IRFU420 is IFU420 and IRFU421 is IFU421, 
IRFU422 is IFU422. 


Absolute Maximum Ratings (Tc = 25°9C), Unless Otherwise Specified 


IRFU420/421 IRFU422 
IRFR420/421 IRFR422 
Continuous Drain Current 
25 2.2 
To = 100°C 1.6 1.4 
Pulsed Drain Current 8 7 
Gate-Source Voltage +20 +20 
Maximum Power Dissipation 
50 50 
Linear Derating Factor 0.4 0.4 
Single Pulse Avalanche Energy Rating (2) 210 210 
Operating and Storage Junction -55 to +150 -§5 to +150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 3. Mounting pad must cover heatsink surface area. See Packages. 


2. Vpp = SOV, Start Ty = +25°9C, L = 60mH, Rg = 25, Peak iL = 2.5A 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. Fi 
. ; il 
Copyright © Harris Corporation 1991 e Number 241 1 
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Specifications IRFR420, IRFR421, IRFR422, IRFU420, IRFU421, I[RFU422 
ELECTRICAL CHARACTERISTICS, At T, = 25°C (Unless Otherwise Specified) 


[CHARACTERISTIC [TYPE [WIN. [T¥P. [MAK [UNITS 


BVoss Drain-to-Source Breakdown IRFR421 
IRFU421 
Vv 


IRFR420 
IRFR422 
IRFU420 
IRFU422 


IRFR420 
IRFR421 
IRFU420 


TEST CONDITIONS 


Voltage 


Ves = OV, In = 250 pA 


Static Drain-to-Source 
On-State Resistance @) 


Ros(on) 


Vas = 10V, lb =1.39A 


IRFR422 
IRFU422 


In(on) On-State Drain Current @ 


Vos > ln(on) x Ros(on) Max. 
Vas=10V 


Vos = Vas, lo = 250 vA 
Vos = 50 V, los = 1.4A 
250 Vos = Max. Rating, Ves = 0 V 
HA Vos = 0.8 x Max. Rating 

Vas = OV, Ty = 125°C 
Ves = 20V 
Vas = -20 V 
Ves=10V,ln=2.5A 
Vos = 0.8 x Max. Rating 
See Fig. 16. (Independent of operating temperature) 
Voo = 250 V, In = 2.5 A, Ra = 18 
Ro = 100 
See Fig. 15 
(Independent of operating temperature) 


Modified MOSFET 
symbol showing the 
internal inductances. 


Ves(th) Gate Threshold Voltage ALL 
g Forward Transconductance @) 


fs 
loss Zero-Gate Voltage Drain Current 


Q, Total Gate Charge 
Ga Gate-to-Source Charge 
Qoa Gate-to-Drain (“Miller”) Charge P| 
ts(on) | Turn-On Delay Time 


wo 
we 
=| 
OQ 


= | = 


_ 
wo 


ta(off) | Turn-Off Delay Time ALL 
tr Fall Time ALL 
Lo 


Measured from the drain 
lead, 6mm (0.25 in.) from 
package to center of die. 


Internal Drain Inductance ALL 


Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 
pad. 


ALL 


N 
or 


Internal Source Inductance 


Ves=OV, Vos= 25 V 
f = 1.0 MHz 
See Fig. 10 


Cis Input Capacitance 
Coes Output Capacitance 
Cres Reverse Transfer Capacitance 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC . NITS TEST CONDITIONS 


Modified MOSFET symbol showing 


the integral reverse 


* _ 
oO 


Continuous Source Current 
(Body Diode) 

p-n junction rectifier. 

Pulsed Source Current 
(Body Diode) 


Vso Diode Forward Voltage @ 
ter Reverse Recovery Time 
Qrr Reverse Recovery Charge 
ton Forward Turn-On Time 
THERMAL RESISTANCE 


Recs Case-to-Sink } A ee | °C/W_ | Typical solder mount ® 
QUA L 


Ty = 25°C, Ils = 2.5 A, Vas=O0V 


Ty = 25°C, Ir = 2.5 A, di/dt = 100 A/ys 


= 


|= : E 


R Junction-to-Ambient | ALL {| — | — | 110 Typical socket mount 


® Pulse Width < 300 ws; Duty Cycle < 2%, @® Voo = 50 V, Starting Ty = 25°C, @ Mounting pad must cover heatsink surface 
L = 60 MH, Re = 25 Q, Peak k= 2.5A. area. See Case Style drawing on front page. 
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IRFR420, IRFR421, IRFR422, IRFU420, IRFU421, IRFU422 


Ip. ORAIN CURRENT (AMPERES) 


50 100 150 200 250 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. 


Ip. ORAIN CURRENT (AMPERES) 


Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. 


= 
Ce 


HE = 
0.4 aaa 


THERMAL RESPONSE (Zp, jc) 


1079 1074 10-3 


< 
oO 
IV 
18) 
oO 
< 


OM 
TSS 


LTT 


Ip. DRAIN CURRENT (AMPERES) 
bacll | 
=" 4 
Cc 
; 
MW 
161] 
[=) 
oO 


Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 - Typical transfer characteristics. 


: ae ES 2! ee ee ee 
IRFR420,421F4}1RFU420, 421 ttt 


I, DRAIN CURRENT (AMPERES) 


Single Pulse 


ih 
4 10 100 1000 
Vos DRAIN TO SOURCE VOLTAGE (VOLTS) 


92GS-44294 


Fig. 4 - Maximum safe operating area. 


407¢ 0.1 4 10 


t,. RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFR420, IRFR4217, IRFR422, IRFU420, IRFU4217, IRFU422 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFR420, IRFR421, IRFR422, IRFU420, IRFU421, IRFU422 


DRAIN-TO-SOURCE ON RESISTANCE 


Ros (on) « 


Ip. DRAIN CURRENT (AMPERES) 


Fig. 12 — Typical on-resistance vs. drain current 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


Vas" 10” 
as Ya 


Res 


Fig. 14b — unclamped inductive waveforms 


GATE 
VOLTAGE 


a 


CHARGE 


Fig. 16a — Basic gate charge waveform 


Ip DRAIN CURRENT (AMPERES) 


CCECECeCry 
ott ti tit | | i | 


25 100 125 150 
"te CASE TEuPEWATONE (°c) 


Fig. 13 — Maximum drain current vs. case 
temperature 


Rp 
Vos 
DUT 
j Rg i 
Ves= 4 | mad)) 
PULSE WIDTH < 1S 
DUTY FACTOR < 0.1% 


Fig. 15a — switching time test circuit 
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Fig. 15b — switching time waveforms 
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Fig. 16b — Gate charge test circuit 
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Gt HARRIS 


August 1991 


Features 

e 1A, 80V and 100V 

* RpS(on) = 1-22 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

@ High Input Impedance 


e Majority Carrier Device 


Description 


The RFL1INO8& and RFL1N10 are n-channel enhancement 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. 


RFL1NO8 
RFL1N10 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 


SOURCE 


Terminal Diagram 


TO-205AF 
BOTTOM VIEW 


GATE 


DRAIN 
(CASE) 


N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


Drain-Source Voltage 

Drain-Gate Voltage (Rgs = 1MM) 
Gate-Source Voltage 

Drain Current, RMS Continuous 


Power Dissipation Total @ TG = 259C 
Derating Above To = 25°C 
Operating and Storage Junction Temperature Range 


RFL1NO8 


80 

80 
+20 

1 

5 
8.33 

0.0667 
-55 to +150 


D 


N-CHANNEL 
POWER MOSFETs 


RFL1N10 


100 
100 
+20 

1 

5 
8.33 

0.0667 
-55 to +150 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procdures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFL1NO8, RFL1N10 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


SYMBOLS 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vas = 0 
Gate-Threshold Voltage VGS(th) Ves =Vps; Ip = 250yuA 


LIMITS 
RFL1NO8 RFL1N10 


a 
a 


Zero-Gate Voltage Drain Current 


Vps = 65V 


Gate-Source Leakage Current Iess VGs= +20V, Vps =0 


Drain-Source On-Voltage VDS(on) Ip = 1A, Vas = 10V 
Ip = 2A, Vas = 10V 
Static Drain-Source On Resistance 'DS(on) Ip = 1A, VGs = 10V 


Forward Transconductance Ip = 1A, Vps = 10V | 400 
Input Capacitance Ciss Vas = OV, Vps = 25V | = | 


IDSs Vps = 65V | - | ; 


Raens Ras= son 
a 
Thermal Resistance Junction-to-Case oe 


G ok, 
oO | N 
a 
ce 


w | @ 
Oo}O0 
Zi<c 
= |= 


@Q i — 
@ | fo 
ue) 
s 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFL1NO08 RFL1N10 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Diode Forward Voltage Isp =1A 
rr 


Diode Reverse Recovery Time | t IF =2A 
djf/dt = 50A/us 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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RFL1N0O8, RFL1N170 


OPERATION 


LIMITED BY 


SdNU - CPI) IN3YUND NIBYO 


100 


10 


SOURCE VOLTAGE (Vdse) - VOLTS 


TO= 


DRAIN 


Maximum operating areas for all types. 


Fig. 1 - 
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Fig. 3 - Typicalnormalized gate threshold voltage as a function 


Fig. 2 - Power dissipation vs. temperature derating curve 


of junction temperature for all types. 


for all types. 


92CS- 35173 
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GATE-TO-SOURCE VOLTAGE (Vgg) -V 


STOCKH SA GLARED TREES 
SSSeeene-—-. 


PULSE DURATION 


PULSE TEST 


Vops=!l0 V 


v(t uo) ax] 5 LN3YuND Nivua aLvis- NO 


92CS-34352 


JUNCTION TEMPERATURE (T,)—°C 
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Fig. 5 - Typical transfer characteristics for all types. 


Fig. 4 - Normalized drain-to-source on resistance to junction tem- 


perature for all types. 
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RFL1NO8, RFL1N10 


PULSE TEST 
PULSE DURATION =80us 
GATE DUTY CYCLE < 20 % 
SOURCE CASE TEMPERATURE (Tc j= 25°C 
VOLTAGE HHH 
a2 

Al 

4 2 025 
s - s H 

| ¢. | Sw 
s | \KrA- 3 Pac : : 
> f, E 4 \\ > x 
a 
. 2 
\\ : 
2 

ailA 
a 
{=} 

Ig (REF) 
Make 8075 ach a t 2 4 5 6 7 8 9 10 
Ig (ACT) DRAIN- TO-SOURCE VOLTAGE (Vp,)— V 
TIME — Microseconds 92C$-37637 92CS-35175 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260. 


FREQUENCY (f)#=0.1 


Cr ps (on)}-2 


uw 
a 
| 
2 
Ww 
rs) 
z 
< 
ae 
< 
a 
.- 4 
Cc 


DRAIN -TO- SOURCE ON RESISTANCE 


ie} 0.5 | 1.5 2 25 (0) 10 20 30 40 50 60 70 
ORAIN CURRENT (Ip)-A ng ssize DRAIN-TO- SOURCE VOLTAGE (Vpg)-V 
92CS- 36158 
Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage 
drain current for all types. for all types. 
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PULSE DURATION=80us 
DUTY CYCLE <2% 


Vp 
TO SCOPE 


KELVIN 
CONTACT 


° 
<< 
E 
E 
| 
e 
2 
uw 
O 
Zz 
< 
ke 
(6) 
= 
fa) 
Zz 
(2) 
O 
2) 
Zz 
< 
ra 
| 
a 
< 
S 
x 
fe) 
uw 


= 92CS- 37366 
DRAIN CURRENT (Ip)—A 92CS-35178 


Fig. 10 - Typical forward transconductance as a function of Fig. 11 - Switching Time Test Circuit. 
drain current for all types. 
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August 1991 


Features 

e 1A, 120V and 150V 

® rps(on) = 1.929 

¢ SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 

¢ Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device 


Description 


The RFL1N12 and RFLIN15 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as _ switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. 


RFL1N12 
RFL1N15 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
TO-205AF 
BOTTOM VIEW 


SOURCE GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


D 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


Drain-Source Voltage 

Drain-Gate Voltage (RGs = 1M) 
Continuous Drain Current 

Pulsed Drain Current 


Gate-Source Voltage 
Maximum Power Dissipation 


Linear Derating Factor 
Operating and Storage Temperature 


RFL1N12 RFL1N15 


120 150 


120 150 
1A 1A 
3) 2 

+20 +20 


8.33 8.33 
0.0667 0.0667 
-55 to +150 -55 to +150 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number | 444.1 
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Specifications RFL1N1712, RFL1N15 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS 


Drain-Source Breakdown Voltage BVpss = 
Gate-Threshold Voltage VGS(th) Ves =Vps: |p =2mA 


Zero-Gate Voltage Drain Current IpDss Vps = 100V re 1 = 
To = +1259C 
Vps = 100V 


LIMITS 
RFLIN12 RFLIN15 


UNITS 


< 


Vps = 120V 


Drain-Source On-Voltage VDS(on)* 
= 
= 

| 45 
| 45 
Za 
Ld 


ue) 


om La 


ae 


Raen  Ras= 600 
Thermal Resistance Junction-to-Case CS a 


3 
oO 
“inc > > |r lr 


OC/W 


= |1o]—- as 
oO};ao};]o 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFL1IN12 RFLIN15 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


rr 


Diode Reverse Recovery Time t IF =2A 150 (typ) | 150 (typ) | 150 (typ) 
djF/dt = 50A/us 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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RFL1IN12, RFL1IN15 
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Maximum operating areas for all types. 


Fig. 1 — 
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Fig. 3 — Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 


Fig. 2 — Power dissipation vs. case temperature derating curve 
for all types. 
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JUNCTION TEMPERATURE (T))-°C 


Fig. 5 — Typical transfer characteristics for all types. 


Fig. 4 - Normalized drain-to-source on resistance to junction tem- 


perature for all types. 
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RFLIN12 RFL1IN15 


Vos — Volts 
Vos > Volts 


Ig (REF) Ig (REF) 


Ig (ACT) Ig (ACT) 
TIME — Microseconds 


92CS37649 


Fig. 6. Normalized switching waveforms for constant gate-current 


drive. 


Veg2!0V PULSE TEST 4 
PULSE DURATION =80ys 
DUTY CYCLE< 2% 

srertstectsezessetssse 


DRAIN-TO-SOURCE ON RESISTANCE [rps(on)|-OHMS 


1:5 2 2:5 
RAIN CURRENT (Ip)-A 


o-— 


92CS-34737 


Fig. 8. Typical drain-to-source on resistance as a function of 
drain current for all types. 


Vps =l0V 

PULSE TEST 

PULSE DURATION=80, 
DUTY CYCLE <2% 


FORWARD TRANSCONDUCTANCE (gf) -- mmho 
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Fig. 10. Typical forward transconductance as a function of drain 
current for all types. 
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Fig. 7. Typical saturation characteristics for all types. 
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Fig. 9. Capacitance as a function of drain-to-source volt- 
age for ail types. 
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Fig. 11. Switching Time Test Circuit. 


RFL1N18 
RFL1N20 


N-Channel Enhancement-Mode 


ia HARRIS 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-205AF 
e 1A, 180V and 200V 
and BOTTOM VIEW 
® rps(on) = 3.650 
© SOAI seiicsadicanias — 
is Power-Dissipation Limited GATE 
os SOURCE 
e Nanosecond Switching Speeds a 
e Linear Transfer Characteristics 5 = 
¢ High Input Impedance DRAIN 
(CASE) 
e Majority Carrier Device 
Description 
The RFLIN18 and RFLIN2O are n-channel enhancement- Terminal Diagram 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching N-CHANNEL ENHANCEMENT MODE = 
converters, motor drivers, relay drivers, and drivers for i 
high-power bipolar switching transistors requiring high speed D AT L. 
and low gate-drive power. These types can be operated = rs 
directly from integrated circuits. qc 
ae 
The RFL series types are supplied in the JEDEC TO-205AF 9 = 
metal package. G = 
Oo 
a 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFL1N18 RFL1N20 UNITS 
Drain@Souree VolIagC sw iscsiecevavcvanensens cen nan ones wees Voss 180 200 V 
Drain-Gate Voltage (REGS = 1M) «os ces icvscvssescevsvsvees VDGR 180 200 Vv 
Continuous Drain Currents cscscaus ccacanness caw cesessexvaowes Ip 1 1 A 
Pulsed Drain Currents coxciv ines sed nensavaess sevens neaaens aes IDM 5 5 A 
SRIO-SOUCO VONROS 2 nsccaien kersanee neues One eendeone hea’ Vas +20 +20 V 
Maximum Power Dissipation 
WG FEOES cede ar chinethe sat aianackneeeehsteeaee ace teA Pp 8.33 8.33 Ww 
Derate Above Tj 42596 ciccsceevnnsccs cen tee canes causanes 0.0667 0.0667 W/°C 
Operating and Storage Temperature ..............0 ee eee Ty, TSTG -55 to +150 -55 to +150 oC 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 4 42.1 
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Specifications RFL1N18, RFL2N20 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS TEST CONDITIONS | min | MAX | MIN | MAX | UNITS 
ee ee 
p2 [4 fe |e |v 

Zero-Gate Voltage Drain Current Ipss [= 4 [=o * | 
Vos = 160¥ pf Pf 
wetter | |e | | di 
Vps = 145V HA 
Drain-Source On-Voltage VDS(on)* Ip = 1A, Vas = 10V p= | 3.65 | | - | 365 f v | 
io=eavos=1ov| - | ea | - | a | v_ 
T= [es | [es | or 
[rate Cd Deo | 
[Themai Resistance unctonto-cave [Rac | Ds _| one 


Source-Drain Diode Ratings and Characteristics 
LIMITS 
RFL1N18 RFL2N20 


Diode Reverse Recovery Time ter IF =2A 200 (typ) | 200 (typ) {200 (typ) |200 (typ) 
djF/dt = 50A/us 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


CHARACTERISTIC TEST CONDITIONS 
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RFL1N18, RFL1N20 


OPERATION IN THI 
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Maximum operating areas for ali types. 
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Fig. 3 - Typical normalized gate threshold voltage as a function 


Fig. 2 - Power dissipation vs. case temperature derating curve 


of junction temperature for all types. 


for all types. 
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Typical transfer characteristics for all types. 


Fig. 5 


Fig. 4 - Normalized drain-to-source on resistance to junction 


temperature for all types. 
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RFL1N18, RFL1N20 
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Ig (REF) = 0.09 mA 


Vv =10V 
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TIME — Microseconds 92CS-37659 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 
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PULSE TEST 

PULSE DURATION =80us 

DUTY CYCLE < 20% 

CASE TEMPERATURE (Te )=25°C 


DRAIN CURRENT (Ip )—A 


! 2 3 4 5 
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Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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Fig. 11 — Switching Time Test Circuit. 


ia? HARRIS RFL2NO5 
RFL2NO6 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features Package 


e 2A, 50V and 60V TO-205AF 
BOTTOM VIEW 


° RpS(on) = 0.952 
SOURCE GATE 


¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device Fovendnal Diagram 


N-CHANNEL ENHANCEMENT MODE 
Description D 


The RFL2NO5 and RFL2NO6 are n-channel enhancement 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. 
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Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFL2NO5 RFL2NO6 


Drain-Source Voltage 50 
Drain-Gate Voltage (RGs = 1M) 50 
Gate-Source Voltage +20 
Drain Current, RMS Continuous 2 
10 


Power Dissipation Total @ Tc = 259C 8.33 
Derating Above Tc = 259C 0.0667 
Operating and Storage Junction Temperature Range -55 to: +150 -55 to +150 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procdures should be followed. File Number 1 497.1 
Copyright © Harris Corporation 1991 


4-597 


Specifications RFL2N0O5, RFL2NO6 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


LIMITS 
RFL2NO5 RFL2NO6 


CHARACTERISTIC 


Vas=Vps:!p =1mA 


IDss Vps =40V 
Vps = 50V 


To = +125°9C 
Vps = 40V 


, 


Ip = 1A, Vps = 10V 


Zero-Gate Voltage Drain Current 


Gate-Source Leakage Current 


Drain-Source On-Voltage 


Vas = OV, Vps = 25V 
f = 1MHz 


ie) 


Roen=Ras=s0n 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFL2NO5 RFL2NO6 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Diode Forward Voltage Isp =1A 


Diode Reverse Recovery Time ter Ip = 2A 
djF/dt = 50A/us 


* Pulsed: Pulse duration < 300us max., duty cycle < 2%. 
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RFL2NO5, RFL2NO6 
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Fig. 1 — Maximum operating areas for all types. 
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Fig. 3 — Typical normalized gate threshold voltage as a function 


Fig. 2 — Power dissipation vs. case temperature derating 


of junction temperature for all types. 


curve for all types. 
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PULSE DURATION = 
DUTY CYCLE < 2% 
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Fig. 5 — Typical transfer characteristics for all types. 


Fig. 4 — Normalized drain-to-source on resistance to junction 


temperature for all types. 


4-599 


RFL2NO5, RFL2NO6 


RL =152 
Ig (REF) = 0.095 ma 


Vos — Volts 


Ig (REF) 
20 ——_—__ 
Ig (ACT) 


Ig (REF) 
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Fig. 6 - Normalized switching waveforms for constant gate-current 


Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 
ja] PULSE DURATION=80uS 
DUTY CYCLE <2% 
CASE TEMPERATURE (Tc)=25°C 
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DRAIN CURRENT (Ip)—A 
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DRAIN-TO-SOURCE VOLTAGE (Vps) — V 
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Fig. 7 — Typical saturation characteristics for all types. 


Ww 
a 
° 
Ww 
rs) 
z 
< 
= 
3) 
< 
a 
< 
oO 


jseesea 
° 0 20 30 40 #50 #60 70 
DRAIN- TO-SOURCE VOLTAGE (Vps)—V 
2CS-37105 


Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 — Switching Time Test Circuit. 


it HARRIS RFP2NO8 
RFP2N10 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-220AB 
e 2A, 80V and 100V TOP VIEW 
* rps(on) = 1.0522 
® SOA is Power-Dissipation Limited =— 
‘ (FLANGE => source 
e Nanosecond Switching Speeds a DRAIN 
e Linear Transfer Characteristics 
e High Input Impedance 
e Majority Carrier Device 
Description 
The RFP2NO8 and RFP2N10 are n-channel enhancement- | Termina/ Diagram 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching N-CHANNEL ENHANCEMENT MODE - 
converters, motor drivers, relay drivers, and drivers for high- = 
power bipolar switching transistors requiring high speed and D 1 1m 
low gate-drive power. These types can be operated directly - rs 
from integrated circuits. = = 
The RFP-types are supplied in the JEDEC TO-220AB plastic 2} i 
package. G z= 
re) 
a. 
Ss 
Absolute Maximum Ratings (Tc = +250°C), Unless Otherwise Specified 
RFP2NO08 RFP2N10 UNITS 

DAISIES VOHAOG 6 vo vc sine ead ew eae ie nes 02d $e Ode GO SES s Voss 80 100 V 
Drain-Gate Voltage (RGS = 1M) «casas scnss casunasecnssas VDGR 80 100 V 
RMS Continuous Drain Current 

TAR tE OG nk chnswsdnnesnconrenanvceuae sebnawks sease uns Ip 2 2 A 
Pulsed Drain GUGM si ccsccnesnctes ceeed ees nee wees wee OKD IDM 5 Le A 
Gate-to-Source Voltage .. i. cnasciccauisanea sms ae nse ws ena es Vas +20 +20 V 
Maximum Power Dissipation 

TH FOSS oa viv cas eases ens neces te see Nes See wk RONDE KRG Gees Pp 25 25 W 

Be PO Oot au cad ad Gupte eeyevantccatesenienanerauedeiess 0.2 0.2 w/°C 
Qperating and Storage JUNCUON 2. ics cncessecceces tweens Ty. 18TG -55 to +150 -55 to +150 id © 

Temperature Range 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2883 
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Specifications RFP2N0O8, RFP2N10 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Zero-Gate Voltage Drain Current Ipss 


To = +1259C 
Vps = 65V 


Gate-Source Leakage Current Ioss Vas = +20V, Vps =0 


Drain-Source On-Voltage VDS\(on)* Ip = 1A, Vas = 10V 
Ip = 2A, Ves = 10V 


Static Drain-Source On Resistance 'DS(on)* Ip = 1A, Vas = 10V 
Forward Transconductance Ip = 1A, Vps = 10V 
Input Capacitance Ciss Vas = OV, Vps = 25V 


f = 1MHz 


Turn-On Delay Time Ip = 1A, Vpp = 50V 
R =Res = 50 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
SYMBOLS 


CHARACTERISTIC TEST CONDITIONS 


Diode Forward Voltage HVspt Isp =-1A 


VSD" 
Diode Reverse Recovery Time ter Ip =2A 
djf/dt = SOA/us 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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RFP2NO8, RFP2N10 
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Fig. 1 - Maximum operating areas for all types. 
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POWER DISSIPATION MULTIPLIER 
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NORMALIZED GATE THRESHOLD VOLTAGE 
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CASE TEMPERATURE (Tc) - °C PT ecscee 
Fig. 2 - Normalized power dissipation vs. temperature derating Fig. 3 - Typical normalized gate threshold voltage as a function 
curve of junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction tem- Fig. 5 - Typical transfer characteristics for all types. 


perature for all types. 
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RFP2NO8, RFP2N10 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function of 


drain current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage 
for all types. 
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Fig. 11 - Switching Time Test Circuit. 
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Gg HARRIS RFP2N12 
RFP2N15 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features Package 


e 2A, 120V and 150V pli at 


* rps(on) = 1.750 


® SOA is Power-Dissipation Limited 


DRAIN i 
eT =——_—— 
e Nanosecond Switching Speeds (FLANGE) ae 
——_ 
e Linear Transfer Characteristics | R Lt CAL 


© High Input Impedance 


e Majority Carrier Device 


Description 


The RFP2N12 and RFP2N15 are n-channel enhancement- | Termina/ Diagram 
mode silicon-gate power field-effect transistors designed for 


applications such as_ switching regulators, switching N-CHANNEL ENHANCEMENT MODE 

converters, motor drivers, relay drivers, and drivers for ha 

high-power bipolar switching transistors requiring high speed D wall 7% 

and low gate-drive power. These types can be operated - w”) 

directly from integrated circuits. z 2 

The RFP series types are supplied in the JEDEC TO-220AB =. tT 

plastic package. G ea > 
re) 
QO. 

Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFP2N12 RFP2N15 UNITS 

DrGin=SOuree VGMIAGS ons canes cna du see neces ene exe ee enenees Voss 120 150 V 

Drain-Gate Voltage (RG@S = IMD) ........cccccccccvccsccces VDGR 120 150 V 

Continuous Drain Gurremts oa cae cas cenae es 0a ose sae ks nea wanes ID 2 2 A 

Pulsed Drain Cure .ccsccccncccs ce cna dawns aawenssseve seane IDM 5 5 A 

Gele=SOUrCe VONAGE cccs cveninds medew ane ceesa me eee weenie Vas +20 +20 V 

Maximum Power Dissipation 

WEA poncadneva scum uaawinte scabs dcansopnaieenenee Pp 25 25 W 
Detate Above TG = +2596 wicistasccsevcccvsavscnsessancewnn 0.2 0.2 W/°C 
Operating and Storage Temperature ............eee eee Ty, TSTG -55 to +150 -55 to +150 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 283 82 
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Specifications RFP2N12, RFP2N15 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


LIMITS 


PPE 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vag =0 
Gate-Threshold Voltage VG S(th) Vos =Vps)!p = 2mA 


Zero-Gate Voltage Drain Current 


UNITS 
120 Vv 
V 


1 A 


IDss Vps = 100V 


Vps = 120V 


To = +125°9C 
Vps = 100V 


Vps = 120V 


Drain-Source On-Voltage VDS\(on)* 
a 


A 


mw 
yA 
mv 

100 n 

175 


A 


L= | 400 
1.75 


1.75 


BSS 


ij 
g 8 


Forward Transconductance Hats Ip = 1A, Vps = 10V 

Input Capacitance Ciss Vas = OV, Vps = 25V 
, f= 1MHz 

Output Capacitance Coss 

Reverse-Transfer Capacitance Crss 

Turn-On Delay Time Ip = 1A, Vpop = 75V 


” 
a1? i=1> 


— 
a 
_- 
| 400 _| 
— pF 
— pF 
a pF 
25 
| - | 5 | ecw 


w 
ro) 
< 
= 


Oe 
Thermal Resistance Junction-to-Case Roc of 


w 
ve) 
cS 
= 


— 
N 
os 
= 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC SYMBOLS 


Diode Forward Voltage 


en ia 
Diode Reverse Recovery Time trr Ip = 2A 150 (typ) | 150 (typ) #1 50 (typ) | 150 (typ) 
djF/dt = 50A/us 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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RFP2N12, RFP2N15 


DRAIN CURRENT (Id) - AMPS 


DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 


Fig. 1 — Maximum operating areas for all types. 


Mesirea] 


N-CHANNEL 
POWER MOSFETs 


POWER OISSIPATION MULTIPLIER 
9 ° S = 
~ ror) ror) o 


NORMALIZED GATE THRESHOLD VOLTAGE 


0 25 50 75 100 125 150 JUNCTION TEMPERATURE (T,) —°C 
CASE TEMPERATURE (Tc) - °C 


Fig. 2 - Normalized power dissipation vs temperature derating curve. Fig. 3 — Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 


Vos* 12V PULSE TEST 


PULSE DURATION= 80 us. 
DUTY CYCLE < 2% 
Sstsisssssessssszsi 

2. 5 eee eeeee, 


seen ea be HH att 
Ct a “a 
sean 


a 


Ww 
rs) 
age | 
2 ¢ 
5 6 
os 
1G 
[o) 
re 
zy 
= 
OF 
an 
WH 
Nw 
ze 
Zz. 
25 
[e} 
4 


aetras TEMPERATURE (T))-* 7 


q 
| 
as) 
c 
2 
a 
H 
— 
i 
z 
wW 
ec 
« 
2 
oO 
2 
< 
ec 
a 
WwW 
< 
3 
n 
' 
z 
°o 


GATE-TO-SOURCE VOLTAGE ( Vgs)—V 


Fig. 4 - Normalized drain-to-source on resistance to junction tem- Fig. 5 — Typical transfer characteristics for all types. 
perature for all types. 
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GATE 
SOURCE 
VOLTAGE 


RFP2N12, RFP2N15 


PULSE TEST: 
PULSE DURATION = 80us 
DUTY CYCLE <2% 


aS 
« tH 
112.5 Vpo = Voss I Poo 
No 95 5 HH Pry 
ao FW eit 
2 J 0.75Vpss_ 9.75 Voss ie, x 2 H 
$ y 0.50Vpss__—-0.50 Voss NY $ & as HHH : 
._ w= 0.25Vpss _—-0.25 Voss \ x t of 
(e) o oO j PH Co 
= = . Le suanenseusr 
- : sseeeaasesseaeeeaes 
eee é jasesatasaseeeeaes 
Ig (REF) = 0.095 m 
ST; Ves = 10V =) rT] | | tt 
a 
DRAIN SOURCE VOLTAGE rH | 
0 = i HHH 
Ig (REF) Ig (REF) 0 1 2 3 4 5 
207g (ACT) e015 wen DRAIN-TO-SOURCE VOLTAGE (Vp—V 
TIME — Microseconds 92CS-34349R1 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260. 


Vgg=!0V PULSE TEST if: 
PULSE DURATION = 80ys+ 
DUTY CYCLE< 2% | Haeitticl 


a eanoces: 
pepe 3sese sases 
sare soaps peeae 
ae t+ we SSSES 


O35 Bal Rani ICES 
ae 
— + + ac 

ti 


| 5 2 
DRAIN CURRENT (Ip 


—+ 


++ + 

+> a 
+++ + 
pOSSS O04 


<3 
)-A 


Yn 
2 
pi 
° 
= 
2 
ive) 
S 
= 
2 
d Be 
a Sesee 
g iieeetet 
3 SS aaa 
, augue saceaesese cores 
tu oon gus cuaee senneceees caeee 
& $338: Scassseess 
a —_ Pipestresssease 
D oo oo peep sbe 
[o) Nee eee eee c eee nn += anos csued S606 seess seues senseesese seees seces| 
ease $0505 couse bones seees cocee coaceconss saeescesen 
Ee ieees Seuce seaus cosescuens coccs ceeee ances seceseoces sscaccecss| 
S ggeuscsces saaasesecs ieee sses: sunesseces| 
z ge Descsccosssensccsene Sisesessseesszs 
5 se = seesebesesessas 
2 if Seesstessstsess 
10} 


92CS-34737 


FREQUENCY (f)=1MHz 1 


uw 
a 
| 

2 
Ww 
° 
ra 
a 
= 
< 
a 
< 
oO 


10 20 
DRAIN—TO-SOURCE VOLTAGE (Vpg)-V 
92CS- 36158 


Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 — Capacitance as a function of drain-to-source voltage for 


drain current for all types. 


Vos zlOV 

PULSE TEST 

PULSE DURATION=80ys 
DUTY CYCLE <2% 


° 
= 
z 
E 
| 
S 
Ww 
OQ 
4 
< 
| od 
Oo 
2 
a 
Ps 
5 
o 
(2) 
ee 
< 
oc 
ke 
ja) 
oat 
=< 
= 
a 
S 
ve 


sa 
0 0.5 | 1.5 2 
DRAIN CURRENT (Ip)—A 


Fig. 10 - Typical forward transconductance as a function of 


drain current for all types. 


92CS-35178 


all types. 
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Fig. 11 — Switching Time Test Circuit. 
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i HARRIS RFP2N18 
RFP2N20 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features Package 


e 2A, 180V and 200V shay 


® rps(on) = 3.52 


® SOA is Power-Dissipation Limited 


DRAIN re 
° . EE 
¢ Nanosecond Switching Speeds FLANGE Sete 
e Linear Transfer Characteristics | ; | i GATE 


e High Input Impedance 


e Majority Carrier Device 


Description 


The RFP2N18 and RFP2N20 are n-channel | Terminal Diagram 
enhancement-mode silicon-gate power field-effect transistors 


designed for applications such as switching regulators, N-CHANNEL ENHANCEMENT MODE 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high D rT Li. 
speed and low gate-drive power. These types can be operated = 8 
directly from integrated circuits. = s 
she 
The RFP series types are supplied in the JEDEC TO-220AB O i 
plastic package. G z 3 
Q. 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFP2N18 RFP2N20 UNITS 

Drain=SOuUCS VOURRS 1c csi nxcsccadewaea cawencesaseneenenne Voss 180 200 V 
Drain-Gate Voltage (RGS = IMM) .......cccccvcccccnnencecs VDGR 180 200 Vv 
Contirmincs Drain CurGiitsscacecanonesnnnece ena ndshamecnn we Ip 2 2 A 
Pulsed Drain Current... ccc cecccccccsctwsvesr ares cessewns eae IDM 5 5 A 
ROH OOUIOD VONAGS sacs0 cernaeneennerereisendenwinenenié VGs +20 +20 V 
Maximum Power Dissipation 

PIES ccconacanresedonsaritony den viakninenendei dees Pp 25 25 Ww 

Derate Above TO 2 42596 cncissesncedcanncden ned nenns ca we 0.2 0.2 W/°C 
Operating and Storage Temperature ..............ee00es Ty, TSTG -55 to +150 -55 to +150 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2 8 81 
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Specifications RFP2N18, RFP2N20 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vas =0 
Gate-Threshold Voltage VGS(th) Ves =Vps,!p = 2mA 


LMI 
| 180 
2 
os-vev | - | 
Vps = 160V Lo J 
To = +125°9C - 
Vps = 145V 
Vps = 160V | = | 
— 
= 
— 


LIMITS 
RFP2N18 


TEST CONDITIONS UNITS 


Zero—Gate Voltage Drain Current 


Drain-Source On-Voltage VpS(on)* 
Reverse-Transfer Capacitance 


Vas = OV, Vps = 25V 
f= 1MHz " 


Ae) 


a 
= 
Thermal Resistance Junction-to-Case ee p= | 


rm | 
o;o 
gic 
212 


$e) 
oO 


+] fe fefa|e/e]a] fe feteyale|: [| [>| |e 
} 

6 2 : 

2 STAI alale[</<]/s]5/5 BIS ]<I< 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC SYMBOLS 


win [imax [in] max | 
a ee ee ee ee 
2 


Diode Forward Voltage 


Diode Reverse Recovery Time ter Ip =2A 00 (typ) | 200 (typ) [200 (typ) |200 (typ) 
dif /dt = 50A/us | 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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RFP2N178, RFP2N20 


S 
8 


OPERATION IN 
LIMITED BY Rd 


8 


DRAIN CURRENT (Id) - AMPS 


RFP2N2O 


10 100 | 
DRAIN-TO-SOURCE VOLTAGE (Vdse) - VOLTS REPONIB 


Fig. 1 - Maximum operating areas for all types. 
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= 

‘e) 
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POWER OISSIPATION MULTIPLIER 


NORMALIZED GATE THRESHOLD VOLTAGE 


“oO 25 50 75 400 125 150 P 
CASE TEMPERATURE (Tc) - °C POW 160 JUNCTION TEMPERATURE (T,) —°C 
~ 92CS-34347 
Fig. 2 - Normalized power dissipation vs temperature derating curve. Fig. 3 - Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 


Vos=!I5 Vv 
PULSE TEST 


PULSE DURATION = 80ys 7H 
Duty eee 2% 


4 
| 
mo 
3} § 
oO a aay Hy Hy os Sarees ° 
era (a) eessess Be eave 333: jeasee 
3 s ass) [ae os casi site 4 
T@ 4 na 
eo 4H re iat ttt 
fl Hy x HH 
Zw a a ee 
aS a > H 
at a re H 
og s = i 
os 4 tf 
” a s 
Nu Gy ra) : 
ze as Ww H 
=3 4K < 
x a - 
2 H ‘sf 
HH 5 
t 
0 HH a ase 
CTP EE PLETE CEL ERE eet ty 
I! fe) 2 4 6 8 10 12 14 
JUNCTION TEMPERATURE (T))-°C GATE - TO- SOURCE VOLTAGE (Vgs)-V 
92CS-34352 92CS-36086 
Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFP2N18, RFP2N20 


200 


“ep "ESS SOURCE 
VOLTAGE 


150 


Volts 


Vos 
Ves — Volts 


Ig (REF) 


Vv =10V 
50 GS 


DRAIN SOURCE VOLTAGE 


Ig (REF) 
o——_ 
Ig (ACT) 


TIME — Microseconds 92¢$-37659 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 


VeszlOV 

6| PULSE TEST 
PULSE DURATION= 8Oxus 
DUTY CYCLE < 2% 


on 


DRAIN-TO -SOURCE ON RESISTANCE 
[rps (on)]—2 


DRAIN CURRENT (Ip)—A 
92CS- 36089 


Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 


reise resr | EEE 
GIT ae: sees 
7 eeesa Hitt +4 
PULSE BUR ATIONS 20s SSS ESBS ene 


2 
q 
q aoeacs 
7 io boos: 
= Bet RIES 
popes 80002 pemEe past + 
= + 
4 3 
t 


+e 
De Bs 
E Hint Cc 


seeds Ht . 53s 
ecceass saaas pape 


FORWARD TRANSCONDUCTANCE (gfs) — mmho 


essess 
| 1s 2 : 
DRAIN CURRENT (Ip)—A 
92CS-36091 


Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 
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PULSE TEST 

PULSE DURATION =80us 

DUTY CYCLE < 20% 

CASE TEMPERATURE (Te )=25°C 


DRAIN CURRENT(Ip)—A 


! 2 3 4 5 6 7 
DRAIN- TO- SOURCE VOLTAGE (Vps)—V 
92CS- 36088 


Fig. 7 - Typical saturation characteristics for all types. 
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DRAIN-TO- SOURCE VOLTAGE (Vpg) -V 


92CS-36090 


Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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Fig. 11 — Switching Time Test Circuit. 


it HARRIS RFM3N45/3N50 
RFP3N45/3N50 


N-Channel Enhancement Mode 


August 1991 Power Field Effect Transistors 
Features Packages 
° 3A, 450V and 500V a 
BOTTOM VIEW 
* fDS(on) = 32 wena DRAIN 
¢ SOA is Power-Dissipation Limited Lo (FLANGE) 
e Nanosecond Switching Speeds O ‘O O 
e Linear Transfer Characteristics C) 
e High Input Impedance GATE 
e Majority Carrier Device 
Description TO-220AB 
The RFM3N45 and RFM3N50 and the RFP3N45 and nee 
RFP3N50O are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications ee tis SOHIACE 
such as switching regulators, switching converters, motor ( 7 DRAIN 2 
drivers, relay drivers, and drivers for high-power bipolar | tio” GATE ond _ 
switching transistors requiring high speed and low o ” 
gate-drive power. These types can be operated directly = 2 
from integrated circuits. = x 
The RFM-series types are supplied in the JEDEC TO- ~ : a 
204AA steel package and the RFP-series types in the Terminal Diagram ro) 
JEDEC TO-220AB plastic package. N-CHANNEL ENHANCEMENT MODE 0. 
D 
G 
Ss 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


RFM3N45 RFM3N50 RFP3N45 RFP3N50 UNITS 

Drain-Source Voltage ... 05 sccs eu nes cennces es Voss 450 500 450 500 Vv 
Drain-Gate Voltage (RGS =1mMM) ............ VDGR 450 500 450 500 V 
Continuous Drain Current 

Pitts CONMUMIOUS ccocc cerns res sau seve vcewew en Ip 3 3 3 3 A 

Pulsed Drain GUrrent 2ss0scxteesccawvesewe ans IDM 5 5 5 5 A 
Gate-Source VOlAGe . occ cccsiscccssavestanes Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

Ti FOOD 26 ck cwaces satiate suk swe antes ea ee Pp 75 75 60 60 WwW 

Above Tc = +259C, Derate Linearly ........... Pp 0.6 0.6 0.48 0.48 W/°C 
Operating and Storage Junction ........... TJ, TSTG -55 to +150 -55 to +150 -55 to +150 ~55 to +150 oC 

Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 384.1 
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Specifications RFM3N45, RFM3N50, RFP3N45, RFP3N50 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T.)=25°C unless otherwise specified 


LIMITS 


TEST RFM3N45 RFM3N50 
CONDITIONS RFP3N45 RFP3N50 


Max. 
Drain-Source Breakdown Voltage BVoss ID=1mMA 450 500 
Gate-Threshold Voltage Ves(th) Voes=Vps 2 4 Zz 4 V 

Pectmenoe Nowe Le me | LE 
Zero-Gate Voltage Drain Current loss bate le | -- 

— 10 


Gate-Source Leakage Current less =+ | 
Drain-Source On Voltage Vps(on)? IpD=1.5A 4.5 4.5 
Ves=10 V Vy 


Static Drain-Source On Resistance fos(an) Ip=1.5A 3 3 Q 
Ves=10 V 

Forward Transconductance Ots@ Vps=10 V wai mho 
Ip=1.5A 


CHARACTERISTIC SYMBOL UNITS 


V 


== _— |e | = | 
ls : = [180 [= [150] oF 
= : 00 | = [100 


t oh ao(typ)| 60 [40(Typ)| 60] 
Turn-Off Delay Time ta( Off) Rgen=Rigs=50 2 
Vos=10 V 


ty 
Thermal Resistance Junction-to-Case R gic RFM3N45, 
1.67 1.67 
RFM3N50 °C/W 
RFP3N45, 


4 Pulsed: Pulse duration=300 us max., duty cycle=2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


TEST RFM3N45 


Diode Forward Voltage 


Reverse Recovery Time Miss 


“Pulse Test: Width < 300 us, duty cycle < 2%. 
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RFM3N45, RFM3N50, RFP3N45, RFP3N50 


CASE TEMPERATURE(Tc)=2 Sf 

(CURVES MUST BE DERATED = Hh-# aati seat 
LINEARLY WITH INCREASE Bean secre as 
IN TEMPERATURE) 


oe 
peer 


SSSSSEs sess: es 


SSsecccacens 


PM 
3 Sao. ‘ssctaniaeacsess 


DRAIN CURRENT (Ip)-A 


= Voss (MAX) = 450V RFM3N45, RFP3N43: ie 
=Vpss (MAX) = 500V RFM3N50, RFP3N50- 


2 4 6 8 2 4 6 8 


DRAIN-TO-SOURCE VOLTAGE (Vng)—V 
92CS- 36062 R1 


Fig. 1 - Maximum operating areas for all types. 


” 
tu 
7 ie 
2% 
>?) 
= ne 
9 
za 
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ee 


POWER DISSIPATION (P7)—W 
NORMALIZED GATE THRESHOLD VOLTAGE 


50 100 150 . - 50 ie) 50 100 150 
CASE TEMPERATURE [TC 1-*C a sscaas JUNCTION TEMPERATURE (Tj )—°C — gocg- 35163 
Fig. 2 - Power dissipation vs. temperature derating curve Fig. 3 - Typicalnormalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 


PULSE DURATION=80us 
DUTY CYCLE <2% ae 
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ON- STATE DRAIN CURRENT [Ip(on)]-A 


ge28) 
Hee EEE 
EH : if O 
4 
JUNCTION TEMPERATURE (T,)—°C GATE -TO- SOURCE VOLTAGE (Vgs)—V 
92CS-35162 92CS-35164 
Fig. 4 - Normalized drain-to-source on resistance to junction tem- Fig. 5 - Typical transfer characteristics for all types. 


perature for all types. 
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RFM3N45, RFM3N50, RFP3N45, RFP3N50 


Sony ae eee 


ae 79888 9s22-——----= 


GATE 
SOURCE 
VOLTAGE 


7a 
SSSSRRe8R8'18) 
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aan 
a rtd £e 
Md sassssaaszae’¢7éscetcensatusasse 
z £ a EHH Sees (7 anne it] PULSE TEST 
g 3 BEECH HHH] putse DURATION: 80ys 
] res Hee ays rH DUTY CYCLE < 2% 
¥ ” 2 2 oH CASE airrtneinthts 25°C 
> > x HH aueeee . 
x aeeee ug enneee 
> Oaee a7 14 saseeees 
oO EHTS sane sueeue 
z sass / 4a deites rH 
< seees 
ig 
a 
— er SSE sit 
ig (ACT) a ig (ACT) i Sessssieneettavttiseeennstiittettadce 
= icroseconds 
° cialis DRAIN -TO-SOURCE VOLTAGE {Vng)—V aia - 
92CS-35165 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 
Refer to Harris application notes AN-7254 and AN-7260 
[ | Ves? “10 V- a ares Sheek 
PULSE TEST aoe 
| | PULSE DURATION=80ys:::: 
| DUTY CYCLE < 2 % : 
lw 0 4v6 pcwreges vegecsegen- 6 
2 uw 
b i 
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n oO 
B o 
a rw 
3 S40ol# 
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anaue eas Ge 
sat A rss 4 
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DRAIN CURRENT (Ip ar g2cs-35167 DRAIN-TO- SOURCE. VOLTAGE (Vps)-V se g-asiee mt 
Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage 
drain current for all types. for all types. 
Vos* 10 Vv 
ig PULSE TEST 
E PULSE DURATION=80ys 
= DUTY CYCLE <2% . 1650 
° 
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S D 
- , TO SCOPE 
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8 seenes | DD = 
5 HHH 250 V 
= savaue | KELVIN 
z CONTACT 
Fs roy | 
- HH sonee | 
[a) HH 4 4 tH | 
vd v, itt seus aagene 
3 pts ae HAE sestrectecese 
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" DRAIN CURRENT inpimA 
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Fig. 10 - Typical forward transconductance as a function of Fig. 11 — Switching Time Test Circuit 


drain current for all types. 
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it HARRIS 


August 1991 


Features 

e 4A, 50V and 60V 

° Rosion) = 0.8W 

e SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 


Linear Transfer Characteristics 


High Input Impedance 


Majority Carrier Device 


Description 


The RFP4NO05 and RFP4N06 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 


RFP4NO05 
RFP4N0O6 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
TO-220AB 
TOP VIEW 
DRAIN cet: 
Ere 
(FLANGE) SOURCE 


= 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 
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for high-power bipolar switching transistors requiring high D 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The RFP-series types are supplied in the JEDEC TO-220AB 
plastic package. G 
S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFP4NO05 RFP4N06 UNITS 
Drain-Source VONGGS o1cciscivs ce sea nv ens se eearewssaseanen Voss 50 60 V 
Drain-Gate Voltage (RG@S = IMM) .......... ce ee cee cece cunes VDGR 50 60 V 
ROnunugus Drain Cunrent. 64 cia deen rea baeeenssseekewau new as Ip 4 4 A 
PUSS OVEN) GUGM ou ax cen eer deve nee sean teks kensecw ees IDM 10 10 A 
Gate-Source VONAGE 1s si sccccccesss sss avasviows betaacee on VGs £20 +20 V 
Maximum Power Dissipation 
Fe re 6064 ek dene eerben as min warasamisakeapaceewhs Pp 25 25 W 
Linear DENG FAC sx cus s<0nesindekwce aewawekeuwe vee dewananns 0.2 0.2 W/9C 
Operating and Storage Temperature ..............00e0e Ty, TSTG -55 to +150 -55 to +150 o¢ 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2880 
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Specifications RFP4N05, RFP4N06 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


SYMBOLS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vag =0 
Gate-Threshold Voltage VGS(th) Ves=Vps:!p = 1mA 


LIMITS 


RFP4NO5 RFP4N06 


CHARACTERISTIC TEST CONDITIONS 


UNITS 


V 

V 

pA 
A 


Perr 


To = +1259C 
Vps = 40V 


al 


7 


n 


Gate-Source Leakage Current Iess Vas = +20V, Vps =0 


Zero-Gate Voltage Drain Current Vps =40V Le 4 


Drain-Source On-Voltage VDS(on) Ip = 1A, Vas = 10V 


Ip = 2A, Vag = 10V =a 
iD=4AVes=10v_ | - | 
Static Drain-Source On Resistance 'DS(on) Ip = 1A, Ves = 10V } | 


3 
a] 
ee 


Thermal Resistance Junction-to-Case Reuc as [= | 


* Pulsed: Pulse duration = 300ps max., duty cycle = 2%. 


pF 
pF 
pF 


=i | ok | as 
RIOD] A 
Zgicgi< 
= |S iS 


pmax | min | Max | 
ot fe S| 
ae ioe ee 
ce 
pos | - | ce 
p20 | = | 20 
jae | - | 48 
poe | - | os | 
a 
| 200 | = | 200 
pes {| - | 25 
_ so | = | 90 
| 15 | ety) | 15 _| 
| 25 [raivm | 25 _| 


¢) 
al-|<|<|< 


°C/W 


Source-Drain Diode Ratings and Characteristics 


SYMBOLS TEST CONDITIONS | min | MAX | MIN 
rt | 
1 


CHARACTERISTIC 


Diode Forward Voltage 


Diode Reverse Recovery Time ter Ip =2A 100 (typ) | 100 (typ) | 100 (typ) | 100 (typ) 
djF/dt = 50A/us 


* Pulsed: Pulse duration < 300us max., duty cycle < 2%. 


4-618 


RFP4N05, RFP4N06 
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DRAIN-TO-SOQURCE VOLTAGE (Vde) - VOLTS RFP ANS 


Fig. 1 — Maximum operating areas for all types. 


[Ves\ th)] 
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POWER DISSIPATION MULTIPLIER 
NORMALIZED GATE THRESHOLD VOLTAGE 
° 
N-CHANNEL 
POWER MOSFETs 


: -50 ce) 50 100 150 200 
a — eer eae Te) - on 125 150 JUNCTION TEMPERATURE (Tj) —°C 
POW_160 92CS~37099 
Fig. 2 — Power dissipation vs. case temperature derating Fig. 3 — Typical normalized gate threshold voltage as a function 
curve for all types. of junction temperature for all types. 
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NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 


-50 ) 50 100 150 200 
JUNCTION TEMPERATURE (Ty) —°C GATE- TO-SOURCE VOLTAGE (Vgs) —V 
92CS-37100 92CS-37101 
Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 


temperature for all types. 
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RFP4NO05, RFP4NO06 


PULSE TEST 
12| PULSE DURATION=80uS 
DUTY CYCLE <2% 
CASE TEMPERATURE (Tc)=25°C 


b 4 
| 
) 
4 
2 2 E 
$ $ a 
- | = 6 
n 
8 2 2 
z 4 
a 
DRAIN SOURCE VOLTAGE 
Ig (REF) Ig (REF) ) 2 3. «4 5 6 7 
ec alee DRAIN-TO-SOURCE VOLTAGE (Vps) — V 
Ig (ACT) Ig (ACT) 
TIME — Microseconds Sainadeas 92CS-39103 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260 


VeszlOV 
PULSE TEST 

1.4) PULSE DURATION =804S 
DUTY CYCLE <2% 


FREQUENCY (f) = 0.1 MHz 


[roglon )|— ohms 
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Ww 
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z= 
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DRAIN-TO-SOURCE ON RESISTANCE 


esseases 
fe) 10 20 3830 40 50 ie) 70 
DRAIN CURRENT (Ip)—A DRAIN~TO-SOURCE VOLTAGE (Vps)—V 
92CS-37104 92CS-37105 


Fig. 8 — Typical drain-to-source on resistance as a function of Fig. 9 — Capacitance as a function of drain-to-source voltage for 
drain current for all types. all types 


Vps=!0 V 300 
1200} PULSE TEST 

PULSE DURATION =80 4S 

DUTY CYCLE <2% : 


A) 


| 7 


TO SCOPE 
Yoo = 
seessesenea 30 V 


KELVIN 
CONTACT 
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ce) 0.5 | 15 2 25 3 3.5 ~ 
DRAIN CURRENT (Ip)—A BERS ates 
92CS- 37106 
Fig. 10 — Typical forward transconductance as a function of drain Fig. 11 — Switching Time Test Circuit 


current for all types. 
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RFL4N12 
RFL4N15 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


i? HARRIS 


Features Package 


e 4A, 120V and 150V TO-205AF 


BOTTOM VIEW 
®* rps(on) = 0.420 


e SOA is Power-Dissipation Limited SOURCE GATE 


¢ Nanosecond Switching Speeds 


e Linear Transfer Characteristics DRAIN 


© High Input Impedance (CASE) 


e Majority Carrier Device 


Description 


The RFL4N12 and RFL4N15 are n-channel enhancement- | Termina/ Diagram 

mode silicon-gate power field-effect transistors designed for 

applications such as_ switching regulators, switching N-CHANNEL ENHANCEMENT MODE 
converters, motor drivers, relay drivers, and drivers for 

high-power bipolar switching transistors requiring high speed D 

and low gate-drive power. These types can be operated direct- 

ly from integrated circuits. 


The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. 


N-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
RFL4N12 RFL4N15 


Drain-Source Voltage 120 150 
Drain-Gate Voltage (RGs = 1M) 120 150 
Continuous Drain Current 
4 4 
Pulsed Drain Current 15 15 
Gate-Source Voltage +20 +20 
Maximum Power Dissipation 
8.33 8.33 
Linear Derating Factor 0.0667 0.0667 
Operating and Storage Temperature -55 to +150 -55 to +150 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 462.1 
Copyright © Harris Corporation 1991 
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Specifications RFL4N12, RFL4N15 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T.)=25°C unless otherwise specified 


LIMITS 
TEST 


RFL4N12 RFL4N15 | UNITS 
CONDITIONS 
| Min. | Max. | 


| Max. 

oe 

Ves=0 

perme we ee EE 
Ip=1 mA 


Zero-Gate Voltage Drain Current (pee fe ot tad 
Vps=120 V = 1 
Tc=125°C LA 
Vps=100 V 50 
Vps=1 20 V — 


ce a ad dal 
Vps=0 
Drain-Source On Voltage Vps(on)? Ip=2 A pf OR] | 88 | 
Ves=10 V V 
Ip=4A 3 3 
=e 
Ves=10 V 
ll Bill Na ld 
Ip=2 A | 
| 


1.5 
850 | — | 850 
| — | 230 | — | 230 | pF 
| — | 100 | — | 100 _ 
Voo=75V [40(typ) | 60_|40(typ)|_60_| 
Rise Time In-2A  165(typ)|_ 250_165(typ)|_250_| 
Roen=Rys=502 [90(typ) | 135 |90(typ)| 135 _| 
[FaliTime th Vss=10V | 90(typ) | 135_[90(typ) | 135 _| 


Thermal Resistance Junction-to-Case RFL4N12, 15 15 
RFL4N15 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


ne TEST LIMITS 
HARACTERISTIC SYMBOL CONDITIONS RFL4N12 RFL4N15 UNITS 


| Max. | Min. | Max. | 
ere — oe fe 
.) 


Reverse Recovery Time be lp = 4A 200(typ 200(typ.) ns 
dir/d: = 100A/us 


8Pulsed: Pulse duration=300 us max., duty cycle=2%. 


CHARACTERISTIC 


SYMBOL 
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RFL4N12, RFL4N15 


H CASE TEMPERATURE(Tc)= 25°C = 
(CURVES MUST BE DERATED 


aeeeere LINEARLY WITH INCR 
Ip MAX.(CONTINUOUS) IN TEMPERATURE). — 


DRAIN CURRENT (Lp)—A 


a geaitt seegeiatt 
ance 


ws 
| 2 4 6 810 2 4 6 8100 2 4 6 8100 


0 
DRAIN-TO-SOURCE VOLTAGE ( Vos =v 
92CM-36486R1 


Fig. 1 - Maximum safe operating areas for all types. 
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SEREOEaE 
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CASE TEMPERATURE (Tc )— °C e 
eend-aaeey JUNCTION TEMPERATURE (T))— c 
92C$-34359 
Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 


eae aassSeGGSeEEEEEE 
H HH SE TEST 
yl cossecsasese ee == Sie teenessisttat : PULSE QURATION= 80 ps 
I seaeuasases < 


ON- STATE DRAIN CURRENT [Ip(on)]-A 


NORMALIZED DRAIN- TO-SOURCE ON RESISTANCE 


liom 

| 3 ct eH oe i. coo 

2.2, GR ee 
EEE einiaatite seessseessceestseest 
seeeeaee scrteees faiiiastit : rH Hy 

SoHE HEE BEECH 


-50 fe) 50 100 150 
JUNCTION TEMPERATURE (T, )-°C 

92CS-34367RI 0) 2 4 6 

GATE -TO- SOURCE VOLTAGE (Vgg)—V 

92CS-34360RI 


Fig. 4 - Normalized drain-to-source on resistance as a func- 
tion of junction temperature for all types. Fig. 5 - Typical transfer characteristics for all types. 
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RFL4N12, RFL4N15 


GATE 
SOURCE 
VOLTAGE 
N25 
Voss R, = 37.528 
Ig (REF) = 0.46 mA 
75 Ves = 10V 


37.5 


Vos — Volts 
Veg— Volts 


90 1G (REF) Ig (REF) 
Ig (ACT) Ig (ACT) 


TIME — Micros nds 
viii 92CS37651 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 


Vo6s* 10 Vv 
PULSE TEST 


0.7! PULSE DURATION = 80us [11 
DUTY CYCLE < 2% 


DRAIN-TO-SOURCE ON RESISTANCE (Ff ps (on) -OHMS 


DRAIN CURRENT (Ip)—A eaceaurae 


Fig. 8 - Typical drain-to-source on resistance as a function 


of drain current for all types. 
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|DUTY CYCLE < 2 % 
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DRAIN CURRENT (Ip)-A 
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Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 


4-624 


PULSE TEST 

PULSE DURATION =80ys 

DUTY CLYLE<s 2% 

CASE TEMPERATURE (Tc )* 25°C 
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ORAIN- TO-SOURCE VOLTAGE (Vos5)—V 
92CS-34362RI 


Fig. 7 - Typical saturation characteristics for all types. 
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DRAIN-TO- SOURCE VOLTAGE (Vpg) —V 
92CS-36156 


Fig. 9 - Capacitance as a function of drain-to-source voltage 
for all types. 
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Fig. 11 - Switching Time Test Circuit. 


|! HARRIS 


August 1991 


RFM4N35/4N40 


RFP4N35/4N40 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Features Packages 
TO-204AA 
e 4A, 350V and 400V BOTTOM VIEW 
* DS(on) = 22 
¢ SOA is Power-Dissipation Limited DRAIN 
—_ SOURCE / (FLANGE) 
e Nanosecond Switching Speeds o 
e Linear Transfer Characteristics O O 
¢ High Input Impedance “ 
¢ Majority Carrier Device GATE 
Description TO-220AB 
The RFM4N35 and RFM4N40 and the RFP4N35 and OP ier 
RFP4N40 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications DRAIN —— 
such as switching regulators, switching converters, motor (FLANGE) | fiji” SOURCE 
drivers, relay drivers, and drivers for high-power bipolar | a DRAIN 
switching transistors requiring high speed and low | , ee GATE 


gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


@# 

to 
7 
- 
290 
i 
=z 
(eo) 
0. 


D 
G 
S 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
RFM4N35 RFM4N40 RFP4N35 RFP4N40 UNITS 
Drain=SOurce VONaGe «« csccccas cncevsaerenne Voss 350 400 350 400 V 
Drain-Gate Voltage (RG@sg =1mN) ............ VDGR 350 400 350 400 V 
Continuous Drain Current 
Pte GONOOUOUS facu cosne seo anannbewes eeu ans ID 4 4 4 4 A 
Pulsed Draiti Cure «isa ns cca conseens naman es lomM 8 8 8 8 A 
Gate-Source Voltage scccs cscsssvecesesancees VGs +20 +20 +20 +20 V 
Maximum Power Dissipation 
RG MAZES ccsctavawiaccacsdsnsunexasewavnne Pp 75 Pe, 60 60 W 
Above To = +25°C, Derate Linearly ............. 0.6 0.6 0.48 0.48 W/°C 
Operating and Storage Junction ........... TJ, TSTG -55 to +150 -55 to +150 -55 to +150 -55 to +150 10; 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 491 1 
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Specifications RFM4N35, RFM4N40, RFP4N35, RFP4N40 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) 25°C unless otherwise specified. 


LIMITS 


TEST RFM4N35 RFM4N40 
CHARACTERISTICS SYMBOL | CONDITIONS RFP4N35 RFP4N40 


400 


— 
oO 

i 

io) 


Tc= 1 25° C 
Vos=280 V 


Drain-Source On Voltage 


Static Drain-Source On Resistance 
Forward Transconductance 


7 
= 12(typ) 12(typ) | 45 

42(typ) 42(typ 

Rgen=Rgs=50 2 130(typ) 130(typ) 

Ves=10 V 62(typ 
Thermal Resistance RFM4N35, 
Junction-to-Case RFM4N40 
RFP4N35, 
RFP4N40 


= 
= 
ie) 


— 
1o}) 
oO 


1.67 


2.083 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


TEST RFM4N35 RFM4N40 UNITS 
CONDITIONS RFP4N35 RFP4N40 


RIN MAK MIB MAR, 
rm 4 ow a 4 V 


, P lp=4 A 
Reverse Recovery Time die/dy=100 A/ps 800(typ) 800(typ) ns 


“Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 
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RFM4N35, RFM4N40, RFP4N35, RFP4N40 
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Si sai Shhh tenet re 
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DRAIN CURRENT (Ip) —A 


: eee Eee 
— Zo 
if Bes site 


| 0) 100 1000 
DRAIN TO SOURCE VOLTAGE (Vps) — V 


Fig. 1 — Maximum operating areas for all types. 
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POWER DISSIPATION (P7)-W 
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NORMALIZED GATE THRESHOLD VOLTAGE 


ATURE (Tc )—° 
CASE TEMPERATURE (Tc )—°C JUNCTION TEMPERATURE (Ty) —°C 


Fig. 2 — Power dissipation vs. temperature derating curve Fig. 3 — Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 
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DUTY CYCLE<2% 


6 


nn 


+> 


—_ 
- 
c 
°o 
— 
2) 
Oo 
- 
| 


iS 


Nm 


<q 
= 
c 
° 
Qa 
ba 
he 
- 
z 
lJ 
x 
"4 
) 
oO 
7 
a 
ec 
a 
WW 
- 
< 
= 
wn 
= 
°o 


NORMALIZED DRAIN TO SOURCE ON RESISTANCE 


JUNCTION TEMPERATURE (Tj) —°C GATE -TO- SOURCE VOLTAGE (Vgs) — V 


Fig 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 
temperature for all types. 
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RFM4N35, RFM4N40, RFP4N35, RFP4N40 


GATE 
SOURCE 
VOLTAGE 
RL = 1002 


Ig (REF) =0.45 mA 


Vos — Volts 
Volts 


Vos 


Ig (REF) 
Ig (ACT) 


Ig (REF) 
Ig (ACT) 


20 


TIME — Microseconds 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 


Ves =!0V 
PULSE TEST 


PULSE DURATION = 80 4S 
DUTY CYCLE <2% 
— 


DRAIN SOURCE ON RESISTANCE 
[ rps(on)] — OHMS 


i) 2 3 4 5 6 7 8 9 10 
DRAIN CURRENT (Ip) —A 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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PULSE TEST 
PULSE DURATION = 80 nS 
DUTY CYCLE <2% 
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DRAIN CURRENT (Ip) —A 


Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 
PULSE DURATION = 80 uS 

7! puTY CYCLE $< 2% - 
CASE TEMPERATURE (Tc) = 25°C IV] 


< 
= 
H 
= 
Zz 
WW 
«x 
c 
= 
oO 
= 
<a 
x 
a 


DRAIN TO SOURCE VOLTAGE (Vps) — V 


Fig. 7 — Typical saturation characteristics for all types. 
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DRAIN -TO-SOURCE VOLTAGE (Vps) — V 


Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 — Switching Time Test Circuit 


w HARRIS RFP4N100 


High Voltage N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features 


° 4.3A, 1000V TO-220AB 


TOP VIEW 
* rDS(on) = 3.52 


e UIS SOA Rating Curve (Single Pulse) DRAIN 


e -559C to +150°C Operating Temperature (FLANGE) 


i 


Description 


The RFP4N100 is an n-channel enhancement mode 
silicon-gate power field effect transistor. It is designed for i a 
use in applications such as switching regulators, switching Terminal Di agram 

converters, motor drivers, relay drivers, and drivers for high N-CHANNEL ENHANCEMENT MODE 
power bipolar switching transistors requiring high speed 

and low gate-drive power. This type can be operated D 

directly from an integrated circuit. 


The RFP4N100 is supplied in the JEDEC TO-220AB 
plastic package. 
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Absolute Maximum Ratings (TC = 25°C), Unless Otherwise Specified 


Drain-Source Voltage, Vpss 
Drain-Gate Voltage, (RgGs = 1mQ), VpGrR 
Gate-Source Voltage, VGs 
Drain Current: 
RMS Continuous, Ip 
Pulsed, Ipjy 
Single Pulse Avalanche Rating, Refer to UIS SOA Curve 
Power Dissipation, Pp: 
To = +259C 
Derate Above Tc = +25°9C 
Operating and Storage Junction 
Temperature Range, Ty, TSTtG -55 to+1509C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procdures should be followed. File Number 2457.1 
Copyright © Harris Corporation 1991 
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Specifications RFP4N100 


Electrical Characteristics (Tc = 25°C), Unless Otherwise Specified 


LIMITS 


CHARACTERISTICS SYMBOL TEST CONDITIONS | min | MAX. | UNITS 
[Drain-Source Sreakaownvotage | Bvpsg | p=OaemAVag-ov—~ vow | |v _ 
[cateTiwesheigvotage +t Vesmny | Ves=Vosiip=azsma | 20 | ao | v 

Zero Gate Voltage Drain Current Hves=ey st t—i(i‘“‘;S dk 
Mios=1ocovto=asee | - | 20 [| wa 

[Gaie-Soucetesiagecurent’ ‘(ess | Yos=z00v—SSSS~*dC~*di a0 nk 
| OnResistance | syony) | = 25AVes=tov | | s | 
Forward Transconductance [ss__— Pe ssntossvor Pas [Ts 


Turn-On Delay Time Vpp = 500V,1= 3.9A 
pate fy erage |e |e 
= [ress [som 


Source-Drain Diode Ratings and Characteristics 


LIMITS 


Te 


CHARACTERISTICS 


Forward Voltage 
Reverse Recovery Time 


TEST CONDITIONS 


Isp = 4.3A 
IF = 3.9A, djf/dT = 100 A/us 


Pulse Width=250us, Duty Cycle 22 Vds=7V 


Pulse Duration=250us, Duty Cucle=22%. Tc=25°C 5 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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RFP4N100 
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Duty Cycle=27. 
SOURCE-TO-DRAIN VOLTAGE - V 


30 
75 


0.6 


20 
DRAIN-TO-SOURCE VOLTAGE - V 


50 
CASE TEMPERATURE - 


0.3 


10 


Pulse Duration=250us, 
25 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 


FIGURE 5. POWER vs. TEMPERATURE DERATING CURVE 
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FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 
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FIGURE 7. TYPICAL SOURCE-TO-DRAIN DIODE FORWARD 
VOLTAGE 


RFP4N100 
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DRAIN-TO-SOURCE VOLTAGE 
FIGURE 10. TYPICAL CAPACITANCE vs VOLTAGE 
DRAIN CURRENT -A 
FIGURE 12. TYPICAL DRAIN-SOURCE ON RESISTANCE 
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FIGURE 9. NORMALIZED DRAIN-TO-SOURCE ON 
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FIGURE 14. SWITCHING TIME TEST CIRCUIT 
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TIME IN AVALANCHE = 


0.10 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING SOA 
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RFM6N45/6N50 


RFP6N45/6N50 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Features Packages 
TO-204AA 
e 6A, 450V and 500V BOTTOM VIEW 
® rDS(on) = 1-252 
e SOA is Power-Dissipation Limited DRAIN 
SOURCE 4 (FLANGE) 
e Nanosecond Switching Speeds o 
e Linear Transfer Characteristics O O 
¢ High Input Impedance v 
¢ Majority Carrier Device GATE 
Description TO-220AB 
The RFM6N45 and RFM6N50 and the RFP6N45 and TOP EW 
RFP6NSO are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications DRAIN —_— 
such as switching regulators, switching converters, motor (FLANGE) a oO ee 
drivers, relay drivers, and drivers for high-power bipolar fio DRAIN 
switching transistors requiring high speed and low | aioe” GATE 


gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 
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= 
2-90 
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re) 
ee 


D 
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Ss 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
RFM6N45 RFM6N50 RFP6N45 RFP6N50 UNITS 
Drain-Source Voltage ns0ss oxece ena rne cannes Voss 450 500 450 500 V 
Drain-Gate Voltage (RGS =1MN) ............ VDGR 450 500 450 500 V 
Continuous Drain Current 
RMS COMminuOUS 22 ssicsceciwdsssws cesses ses ID 6 6 6 6 A 
Pulsed i574 GUIPEML. sic oc cee nee ne sie eease de IDM 15 15 15 15 A 
Gale-Sourts Votage cc nas va cen vee dasns cawnas Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
V6 SPSS 5 ce ncicevnsasancnedeeevaeeneeces Pp 100 100 75 '5 W 
Above 1c = +259C, Derate Linearly ..........-. 0.8 0.8 0.6 0.6 W/°C 
Operating and Storage Junction ........... TJ, TSTG -55 to +150 -55 to +150 -55 to +150 -55 to +150 °C 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number a | 49 4.1 


Copyright © Harris Corporation 1991 
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Specifications RFM6N45, RFM6N50, RFP6N45, RFP6N50 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25° C unless otherwise specified. 


LIMITS 
TEST RFM6N45 RFM6N50 UNITS 
CONDITIONS RFP6N45 RFP6N50 


Ip=1 mA 
Voes=0 


Drain-Source On Voltage 


Static Drain-Source On Resistance ae | eee | 
Forward Transconductance ae 


Ciss 
: 
Voo = 250 V 


Rise Time t In=3 A 4o(typ) | 80 | 40(typ) | 80 
Turn-Off Delay Time ta(off) Rgen=Rqs=50Q | 190(typ) 190(typ) 
Fall Time Ves=10 V 60(typ) 60(typ) 


Thermal Resistance R@jc RFM6N45, 1,25 1.25 
Junction-to-Case RFM6N50 
RFP6N45, 1.67 1.67 
RFP6N50 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


TEST 
CHARACTERISTIC SYMBOL CONDITIONS 
Vsp 2 


Diode Forward Voltage | Vso | 


Reverse Recovery Time tre 


dir/dt = 100A/ps 


“Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 
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RFM6N45, RFM6N50, RFP6N45, RFP6N50 


100 5] CASE TEMPERATURE (Tc) = 25°C Stats ti 
g| (CURVES MUST BE DERATED 

LINEARLY WITH INCREASE IN 
4| TEMPERATURE) esa: 


{- f=] pt 4 
SERORES SSEES feet com SET) feees em Ss os os 5 ees occ 
Seria Spee oC aera es oe Be Be 
fe EH iii it BH 


Tg 
SS BBRSSTeSe5 NI REESE 
iH 38233 


Seaccssssscta vesssss mamas ecotrteten 
aS Sag aa Sa *airssassassse it 


DRAIN CURRENT (Ip)—A 


~“*=lVpss (MAX) = 450V RFM6N45, RFP6N45 +43 
1: !Vpss (MAX) = 500V RFM6N50, RFP6NS5O =): 


-10 -100 1000 
DRAIN-TO-SOURCE VOLTAGE (Vps) — V 
92CS-37116R1 


Fig. 1 — Maximum operating areas for all types. 
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POWER DISSIPATION (P7) —W 
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NORMALIZED GATE THRESHOLD VOLTAGE 


CASE TEMPERATURE (Te) —*C -50 10) 50 100 150 200 
92CS-37594 JUNCTION TEMPERATURE (Ty) — °C 
92CS- 37118 
Fig. 2 — Power dissipation vs. temperature derating curve Fig. 3 — Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 


Vps = 20 V 

PULSE TEST 

PULSE DURATION = 80 yS 
DUTY CYCLE < 2% 


ny 
on 


_ 
=~ 
Cc 
° 
~ 
wn 
{=} 
~ 
—" 


LS 


ON-STATE DRAIN CURRENT [Ip (on)]—A 
i) 


NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 


JUNCTION TEMPERATURE (Ty )—°C 
92CS- 37119 


GATE - TO - SOURCE VOLTAGE (Vgg) —V 


92CS=37120 


Fig 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 
temperature for all types. 
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RFM6N45, RFM6N50, RFP6N45, RFP6N50 


— 


GATE 
SOURCE 
VOLTAGE 
= Voss Ig (REF) = 1. 
Ves = 
Pe amummael 


Volts 


Vps — Volts 
Vas 


Ig (REF) Ig (REF) 
80 
Ig (ACT) Ig (ACT) 


TIME — Microseconds 


92CS3766S 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 


Ves =+l0V 

2.4| PULSE TEST 
PULSE DURATION = 80yuSH 
DUTY CYCLE < 2% 


DRAIN -— TO — SOURCE ON RESISTANCE 
[ros (on )] — ohm 


tI 
a! 
ie) 2 4 6 8 10 12 14 
DRAIN CURRENT (Ip) —A 
92CS-37123 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 


Vos 7 !0V 
12) PULSE TEST 
PULSE DURATION = 80uS 
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DRAIN CURRENT (Ip)—A 
92CS -37125 


Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 
PULSE DURATION = 804uS 
DUTY CYCLE <2% 

CASE TEMPERATURE (Tc) = 25°C ees 


DRAIN CURRENT (Ipn)—A 


fe) 2 4 6 8 10 12 14 
DRAIN-TO-SOURCE VOLTAGE (Vps) —V 
92CS-37122 


Fig. 7 — Typical saturation characteristics for all types 
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DRAIN-TO-SOURCE VOLTAGE (Vps) —V 
92CS- 37124 
Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 — Switching Time Test Circuit. 
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Features 

e 7A, 350V and 400V 

* 'DS(on) = 0.752 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 


Description 


The RFM7N35 and RFM7N40 and the RFP7N35 and 
RFP7N4O are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


RFM7N35/7N40 


RFP7N35/7N40 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 


TO-204AA 
BOTTOM VIEW 


DRAIN 


SOURCE 4 (FLANGE) 


TQ-220AB 
TOP VIEW 


DRAIN _) 
(FLANGE) 


L. = 


a DRAIN 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (TC = 25°C), Unless Otherwise Specified 


RFM7N35 

Drali-Source VONAGS .610c.0ceceesa see ocaeee Voss 350 
Drain-Gate Voltage (RGsS =1mN)............ VDGR 350 
Continuous Drain Current 

AMS CONUNUOUS: . cicsasccvevtegs cus eee nenaee Ip 7 

Pulsed Drain GUE... cnacceeameverecasanese IDM 15 
Gate-Source Voltage occ cecesceseswaceswns ns Ves +20 
Maximum Power Dissipation 

FSFE OG ni ced wnvies sdedewadnteweuredernas Pp 100 

Above Tc = +259C, Derate Linearly ............. 0.8 
Operating and Storage Junction ........... TJ, TSTG -55 to +150 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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D 
G 
S 
RFM7N40 RFP7N35 RFP7N40 UNITS 
400 350 400 V 
400 350 400 V 
7 7 7 A 
15 15 15 A 
+20 +20 +20 V 
100 15 75 W 
0.8 0.6 0.6 W/°C 
-55to +150 -55to +150 -55 to +150 OC 
File Number 1536.1 
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Specifications RFM7N35, RFM7N40, RFP7N35, RFP7N40 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T-.)=25°C unless otherwise specified 


LIMITS 
TEST RFM7N35 RFM7N40 
CHARACTERISTIC SYMBOL CONDITIONS REP7N35 REP7N40 UNITS 
Gate-Threshold Voltage Ves(th) 2 4 2 4 V 
Ip=1 mA 
Zero-Gate Voltage Drain Current Vps=280 V 1 — 
Vps=320 V — 1 
C 


LA 
50 oe 
— 50 
hal 


Drain-Source On Voltage Vps(on)? 


Static Drain-Source On Resistance 


= 800 =| 7600 
- [= [300 [=] 300] pF 
= =~ 200 [= J 200 
; | 
Roer=Rye=50 0 20) 
Vos=10 V 100 


Thermal Resistance Junction-to-Case R gc RFM7NS835, 
1.25 1.20 
RFM7N40 °C/W 
RFP7N835, 1.67 1.67 
RFP7N40 , , 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
TEST RFM7N35 RFM7N40 
CHARACTERISTIC YMBOL 
— CONDITIONS | _RFP7N35 RFP7N4o | NTS 
Diode Forward Voltage Isn=3.5A | — | 14 | ~ | 14 | 


: lp=4 A 
Reverse Recovery Time Ly 
[Reverse Recovery Time | dir/dt=100 A/us ee 


Pulsed: Pulse duration=300 ws max., duty cycle=2%. 
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RFM7N35, RFM7N40, RFP7N35, RFP7N40 


100, CASE TEMPERATURE (Tc )= 25°C =: 
(CURVES MUST BE DERATED : 
6| LINEARLY WITH INCREASE 
IN TEMPERATURE) 


2 iti 


Ip tl (MAX.) CONTINUOUS ae 
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DRAIN CURRENT (Ip)-A 


zs == fi baansssss jet tees 
are = = *0ES (MAX) 350V RFM7N35, RFP7N35 sSESrEE 


iran 
eee A memme babes jeeeettet 
| 4 681! 2 4 6 | | 
2 io a 2 4 6 8 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


92CM-37603 
Fig. 1 - Maximum safe operating areas for all types. 
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(2) [Ves (th)] - 


POWER DISSIPATION (P+) — 
wo 


NORMALIZED GATE THRESHOLD VOLTAGE 


0 50 100 150 
CASE TEMPERATURE (Tc) — °C 
92CS-37734 92CS- 37602 
Fig. 2 - Power dissipation vs. case temperature derating curve Fig. 3 - Typicalnormalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 


Vps =20V 
PULSE TEST 
PULSE DURATION = eens 1 


S tT Y CY 2% 
we i, |duTY CYCLE < 
a § 
3 8 8 
. os | 
Pe = H 
ol. z an 
La. WwW ae 
1 W a Cy] 
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aq a 22 
a z AH 
gf < stesstes 
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i WwW Tooecceee 
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ae aga 
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JUNCTION TEMPERATURE (Tj )—°C GATE - TO- Sune VOLTAGE (Vgs) -V 
92CS-3760I 92CS-37599 
Fig. 4 - Normalized drain-to-source on resistance as a function Fig. 5 - Typical transfer characteristics for all types. 


of junction temperature for all types. 
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Vos — Volts 


Fig. 6 - 


RFM7N35, RFM7N40, RFP7N35, RFP7N40 


Ves — Volts 


“Ig (REF) 
Ig (ACT) 


iG (REF) 
TG Ach 


TIME — Microseconds 92CS-37666 


Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 


PULSE TEST 
PULSE DURATION=80,5s 
DUTY CYCLE < 2% 


DRAIN- TO- SOURCE ON RESISTANCE 
Crops (on)] -OHMS 


DRAIN CURRENT (Ip)-A 
92CS- 37597 


Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 


CE) LTT ETT 
e2enan lA 


PULSE TEST 
LH PULSE DURATION=80 ys +114 
[} DUTY CYCLE <2% 


een ; oe 
EERE EEE EEE EEE EEE 
4 S 6 7 8 9 10 


3 
DRAIN CURRENT (Ip)-A 


FORWARD TRANSCONDUCTANCE (gfs)—mho 


92CS-37595 


Fig. 10 - Typical forward transconductance as a function of 


drain current for all types. 
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I6IPULSE TEST 


ie 
ae ee 
ST ae 


Ef 


DRAIN CURRENT (Ip)-A 
ps 
isee 


DRAIN-TO-SOURCE VOLTAGE (Vpg)-V 
92CS-37598 


Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage 


for all types. 
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Fig. 11 - Switching time test circuit. 
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Features 

e 10A, 120V and 150V 

* (DS(on) = 0.32 

© SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Description 


The RFM10N12 and RFM10N15 and the RFP10N12 and 
RFP10N15 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM-types are supplied in the JEDEC 
TO-204AA steel package and the RFP-types in the JEDEC 
TO-220AB plastic package. 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 
TO-204AA 
BOTTOM VIEW 


DRAIN 


SOURCE J (FLANGE) 


GATE 


TO-220AB 
TOP VIEW 


DRAIN — 
E——————— 
(FLANGE) SOURCE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 
: 
Ss 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


RFM10N12 

DIsin=SOurce VONEGS ia2 cs racesareecasenesss Vpss 120 
Drain-Gate Voltage (R@s =1mN)............ VDGR 120 
Continuous Drain Current 

ivi CONUNUOUS és xvscn ceed Kae dewanae Kee wERs Ip 10 

Pulsed Drain Current .. 2s css ccnsseuwnn cue wes IDM 25 
Gate-Source Voltage ...csicccsscascecvsszsvs Ves +20 
Maximum Power Dissipation 

TE POSS 6 inv de devon ceruewerensseseranens Pp Fé) 

Above Tc = +25°9C, Derate Linearly ............. 0.6 
Operating and Storage Junction........... TJ, TSTG -55 to +150 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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RFM10N15 RFP10N12 RFP10N15 UNITS 
150 120 150 V 
150 120 150 V 
10 10 10 A 
25 25 25 A 
+20 +20 +20 V 
7§ 60 60 WwW 
0.6 0.48 0.48 W/°C 

-55 to +150 -55 to +150 -55 to +150 oC 


File Number 1445.1 
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Specifications RFM10N12, RFM10N15, RFP10N12, RFP10N15 


ELECTRICAL CHARACTERISTICS At Case Temperature (T-) = 25°C unless otherwise specified 


LIMITS 
RFM10N12 RFM10N15 
TEST RFP10N12 RFP10N15 
CHARACTERISTICS SYMBOL CONDITIONS | MIN. | 
lb = 1mMA 
Drain-Source Breakdown Voltage BVopss 
Ves = 0 
Ves = Vos 
Gate Threshold Volt V 


Vos = 100 V 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


Drain-Source On Voltage 


Vos = 100 V 
Vos = 120 V 


Static Drain-Source On Resistance 


Forward Transconductance 


Input Capacitance 

Output Capacitance 

Reverse Transfer Capacitance 
Turn-On Delay Time 

Rise Time 

Turn-Off Delay Time 

Fall Time 


RFM10N12, 
h | Resist RFM10N15 
Thermal Resistance RAJC 


Junction-to-Case RFP10N12, 
RFP10N15 


MIN. 
120 


2. 


“Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


LIMITS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
RFM10N12 RFM10N15 
SYMBOL RFP10N12 RFP10N15 UNITS 
Diode Forward Voltage - 14, | — | 14 | 
) 


= 1. 
Reverse Recovery Time t Ir=4 A 200(typ 200(typ) 
‘ di/d,=100 A/us YP 


* Pulse Test: Width < 300 ws, Duty Cycle < 2%. 


TEST 


CHARACTERISTIC CONDITIONS 
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RFM10N12, RFM10N15, RFP10N12, RFP10N15 


8| CASE TEMPERATURE (T.)=25 °C copes 


6| (CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN a ee 
4 pecibaiillona 


HEAL 
Hd ae Cn ce a 
ER BOSS estunin pases 
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Voce (MAX.) =120V (RFMIONI2, RFP IONI2) HE fei via Fiat Hid 
OSS Hiiifiifi i HM : 
Vpsg (MAX.)= I50V (RFMIONIS, RFPIONI5) 14 


DRAIN-CURRENT (Ip)—A 
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Fig. 1 — Maximum safe operating areas for all types. 
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Fig. 2 — Power vs. temperature derating curve for all types. Fig. 3 — Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 
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PULSE TEST 
PULSE DURATION=80,s 
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Fig. 4 - Normalized drain-to-source on resistance to junction tem- Fig. 5 — Typical transfer characteristics for all types. 
perature for all types. 
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RFM10N12, RFM10N15, RFP10N12, RFP10N15 


PULSE TEST 

PULSE DURATION=80us 

DUTY CLYLE< 2% 

CASE TEMPERATURE (Tc )= 25°C 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
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Fig. 10 - Typical forward transconductance as a function of 
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Fig. 11 — Switching Time Test Circuit 
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i HARRIS RFH10N45 
RFH10N50 


N-Channel Enhancement Mode 


August 1991 Power Field Effect Transistors 
Features Packages 
TO-218AC 
e 10A, 450V and 500V TOP VIEW 


* 'DS(on) = 0.62 
e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


¢ High Input Impedance 
e Majority Carrier Device 


e High-Current, Low-Inductance Package 
Terminal Diagram 


Description N-CHANNEL ENHANCEMENT MODE 
The RFH10N45 and RFH10N50 n-channel enhancement- D 
mode silicon-gate power field-effect transistors designed 2 
for applications such as switching regulators, switching a Ww 
converters, motor drivers, relay drivers, and drivers for ~ 7} 
high-power bipolar switching transistors requiring high > me) 
speed and low gate-drive power. These transistors can be G —! 2 
operated directly from integrated circuits. G iF 
The RFH types are supplied in the JEDEC TO-218AC . & 3 
plastic package. QO. 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
RFH10N45 RFH10N50 UNITS 

Didin-SOUtCe VONAGE ci iss cadwna usw ssa ceneewsen ese seteaneeee red Keameee Vpss 450 500 V 
Drain-Gate Voliage (RES = TMD) cccissctacsncccccssnsnseveceacsuvensoas VDGR 450 500 V 
Continuous Drain Current 

RMS GOnUAUGUS 5 cseocavenwreess ceneeeeW renee ee ne ees CRE OR OEE ERE OEE Ip 10 10 A 

Puleed Drain Current... csccccvecsc ceva sndcewesacsend ade wenaw ens eae meees IDM 20 20 A 
Gale SOuUree VONAGE ccccccivcscav ects cceasepeceresseanenadvexs neueases Vas +20 +20 V 
Maximum Power Dissipation 

Ll cts (EETERTRTLELELT LEE E rE Tee ei L eT Tet ee eee Pp 150 150 WwW 

Above To = +269C, Derate Linearly 2... :.c000cnccssaraseenwesnnesiannaan sees 1.2 1.2 W/°C 
Operating and Storage JUNCHON 6 iss cans cecicwceneswercsene nea wen news Ty Tstqg -55to+150 -55to+150 1 ©) 

Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 62 9.1 


Copyright © Harris Corporation 1991 
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Specifications RFH10N45, RFH10N50 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 


TEST 
CHARACTERISTIC SYMBOL | CONDITIONS oo nFHionas =| RFHIONSO UNITS 


Drain-Source Breakdown BVopss ln=10mA ae 
owe | | Nee | | 
Gate Threshold Voltage Ves(th) Ves = Vos 4 V 


Zero Gate Voltage Drain Vos = 360 V 1 — 
Tc = 125°C LA 
Vos = 360 V 50 p= — 
Vos = 400 V — 50 


Ves=t20V 100 100 nA 
Vos = 0 


Static Drain-Source On 'ps(on)@ 
Resistance 
Forward Transconductance 


Current 


Gate-Source Leakage 
Current 


Drain-Source On Voltage 


Vos = 250 V 


Rise Time a eee 5 1 t 1 
PRiseTime o(typ 50(typ) . 
Turn-Off Delay Time ta(off) Roen=Rgs=502 | 525(typ) | 900 | 525(typ) | 900 


Fall Time Ves=10V ~ | 105(typ) 105(typ) 


Thermal Resistance Ric RFH10N45, 
Junction-to-Case RFH10N50 0.83 0.83 °C/W 
Series 


@Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


Reverse Recovery Time ti lp = 4A, die/dt = 100 A/yus 950 (typ.) 950 (typ.) 


* Pulse Test: Width < 300 us, Duty cycle < 2%. 


CHARACTERISTIC TEST CONDITIONS 
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RFH10N45, RFH10N50 


100 ,| CASE TEMPERATURE (Tc) = 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 

«| TEMPERATURE) 
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Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction temperature for all types. 
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NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 


-50 fe) 100 150 200 250 300 
JUNCTION TEMPERATURE (Ty) —°C GATE -TO- SOURCE VOLTAGE (Vgs) — V 
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Fig. 4- Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFH10N45, RFH10N50 


GATE 
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375 VOLTAGE 


R, = 508 6 
ig (REF) = 2.1 mA 
Ves =10V 


Yoo = Yoss 


250 


Vos — Volts 
Ves — Volts 


>a 4 


ig (REF) 
Ig (ACT) 


TIME — Microseconds 


920837670 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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DRAIN CURRENT (Ip)—A 
92CS- 37062 


Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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DRAIN CURRENT (Ip)—A 
92CS- 37064 


Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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PULSE TEST 


DRAIN CURRENT (Ip)—A 


4 6 8 
DRAIN -TO- SOURCE VOLTAGE (Vos) — V 
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Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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Fig. 11 - Switching Time Test Circuit. 


i? HARRIS 


August 1991 


Features 

e 10A, 450V and 500V 

* DS(on) = 0.62 

® SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 

e Majority Carrier Device 


e High-Current, Low-Inductance Package 


Description 


The RFM10N45 and RFM10N50 n-channel enhancement- 
mode silicon-gate power field-effect transistors designed 
for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar transistors requiring high speed and 
low gate-drive power. These transistors can be operated 
directly from integrated circuits. 


The RFM types are supplied in the JEDEC TO-204AA 
steel package. 


RFM10N45 
RFM10N50 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE / (FLANGE) 


GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


Drain-Source VONRGC ss vxccivscdevescasee0sees sees esesweeasenvenss 
Drain-Gats Voliagd (HOS = 11ND) « vcnnscsccncxsnosenenncuassenawwen 
Continuous Drain Current 

Pie © SS os 6s Son Ga bne has ddasedecueda peedennaneeeecaecnse 


Pulsed Drain GUITOAt. «<aswesc04 cup eveweanvenseadee ne eves anaes bees 
Saie-SONCE VONAGE co ceccccrsckccuacnesadnvbiaswekasanewiensn howd 


Maximum Power Dissipation 


TO FE asi ce recta sernanenenenesceceeeenet Gnntan nae wnesiiwee’ 
Above Tg =+25°O, Derate Lingarly cs csscvscsccscesssanssonnecesws 


Operating and Storage JUNCUON «0 sa cacss cue snot seasaccsaneneenen 
Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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RFM10N45 RFM10N50 UNITS 
seeks Voss 450 500 V 
ea aie VDGR 450 500 V 
errr ID 10 10 A 
eer loM 20 20 A 
sexes Ves +20 +20 V 
iene nce Pp 150 150 Ww 

Tver Ty 1.2 1.2 W/°CG 
. TyISTG@ -55to+150 -55to+150 °C 

File Number 1788 
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Specifications RFM10N45, RFM10N50 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 


Drain-Source Breakdown BVoss_" In=10mA 450 hall a V 
Gate Threshold Voltage Ves(th) Ves = Vos 2 
Zero Gate Voltage Drain Vos = 360 V 1 — 


Current 
Tc = 125° o 
Vos = 360 V 


Vos = 400 V 


Gate-Source Leakage Ves =+20V 100 100 nA 
Current Vos = 0 


Drain-Source On Voltage 


Vos(on)@ lDb=5A 3.0 pf 8 
IDb=10A 10 10 
Static Drain-Source On 'ps(on)@ IDn=5A Q 
ID=5A 


Input Capacitance 
Output Capacitance 


Turn-On Delay Time 


aetyey | 60 | 26tye) | 60 


Thermal Resistance Ric RFM10N45, 
Junction-to-Case RFM10N50 0.83 0.83 °C/W 
Series 


@Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


CHARACTERISTIC 


Reverse Recovery Time tr le = 4A, dir/d: = 100 A/ps 950 typ. 


* Pulse Test: Width < 300 ws, Duty cycle < 2%. 


TEST CONDITIONS 
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RFM10N45, RFM10N50 
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Fig. 1 - Maximum safe operating areas for all types. 
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NORMALIZED GATE THRESHOLD VOLTAGE 
Ves(th }} — 


oe 


CASE TEMPERATURE (Tc)—°C JUNCTION *TEMPERATURE (T))—*C 
92CS-34359 
92CS-37057 
Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction temperature for all types. 
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Fig. 4- Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFM10N45, RFM10N50 
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Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 
current for all types. 
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HARRIS RFD3055, RFD3055SM 
SEMICONDUCTOR RFP3055 


12A, 60V, Avalanche Rated, N-Channel 


uD 


February 1994 Enhancement-Mode Power MOSFETs (MegaFETs) 
Features Packaging 
e 12A, 60V JEDEC TO-220AB 
TOP VIEW 


bd DS(ON) = 0.150Q 
¢ Temperature Compensating PSPICE Model 


DRAIN 
(FLANGE) 
o 
BS) 
> 
z 


e Peak Current vs Pulse Width Curve 
e UIS Rating Curve 

¢ +175°C Operating Temperature VEEN Ween 
Description TOP VIEW 


The RFD3055, RFD3055SM and RFP3055 N-Channel SOURCE 
DRAIN 
GATE 


power MOSFETs are manufactured using the MegaFET pro- 
cess. This process, which uses feature sizes approaching 
those of LSI integrated circuits gives optimum utilization of 
silicon, resulting in outstanding performance. They were 


DRAIN 
(FLANGE) 


7) 

—_ 
designed for use in applications such as switching regula- _) Wl 
tors, switching converters, motor drivers, relay drivers and BEDE Tkasenn UJ o 

; : ; ; ; TOP VIEW = 
emitter switches for bipolar transistors. These transistors = ¢ 
can be operated directly from integrated circuits. zu SOURCE = fee 
zz 

The RFD3055 is supplied in the JEDEC TO-251AA plastic zs DRAIN 24 
package, the RFD3055SM is supplied in the JEDEC = GATE Oo 


TO-252AA plastic package and the RFP3055 is supplied in the 
JEDEC TO-220AB plastic package. Due to space limitations 
the RFD3055 and RFD3055SM are branded FD3055. 


When ordering use the entire part number: eg. | Symbol 


RFD3055SM. 5 
Developmental type TA49082. 
G 
Ss 


Absolute Maximum Ratings § (T, = +25°C), Unless Otherwise Specified 
RFD3055, RFD3055SM, RFP3055 UNITS 


Drain SOUS VONEDS vsccvscxccntencac Recon sane deteDeee s HOTS HE ORES Voss 60 V 
PAT Gate VOUBU Es cies coped bocca nee eh sense on scandenn netnesonys VparR 60 V 
AG RS VON aoe srs ids on SAREE Ne ok hn O Rede ee Wwe EE HES Vas +20 V 
Drain Current 
Fis CONNNUOUS 6s eck ox aen 08 enenda se Gees eee ERO CET FONE OR ATER OEES Ip 12 A 
Pulsed Drain CumOMml oc ccccsasevecenviay cean sees eee e baa cawens eae’ lom Refer to Peak Current Curve 
PURO AVGAneNS Tt nna fond deed Pee eked se ewkw denen Ree 48 Eas Refer to UIS Curve 
MATIUM AVGIENCNS CARTON. <6 te case ei eean cee tones vee we een tees eens IAM 30 A 
Power Dissipation 
eS ee © ker ci cadet cen sasuee oe rede sesav use wanakeen tanner Pp 53 W 
DISS PVE Se licens dbeo dk DON EP Od KDHE EERE DOSS heRE DEER eeiaes Py 0.357 WPC 
Operating and Storage Temperature ......... 0... cc eee eee ee eee Tstq Ty -55 to +175 °C 
Copyright © Harris Corporation 1994 File Number 3648 
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Specifications RFD3055, RFD3055SM, RFP3055 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


Drain-Source Breakdown Voltage Ip = 0.25mA, Ves = OV peo f - | - fo ov | 
Zero Gate Voltage Drain Current To = +25°C pA 


LIMITS 


Ry = 208d, Ves = +10V 
Turn-On Delay Time to(on) Res = 10Q 


N 
Pe 
<a 
=a 
=a 


Thermal Resistance Junction to Case Resc 


Source-Drain Diode Ratings and Characteristics 


Vos = 25V, Ves = OV 
f = 1MHz 


= 


Thermal Resistance Junction to Ambient 


PARAMETER SYMBOL TEST CONDITIONS 


Forward Voltage Vsp Isp = 12A 
Reverse Recovery Time Isp = 12A, digp/dt = 100A/pys 
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RFD3055, RFD3055SM, RFP3055 


Typical Performance Curves 
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PULSE DURATION = 250us 
DUTY CYCLE = 0.5% MAX 
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FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFD3055, RFD3055SM, RFP3055 


Typical Performance Curves (Continued) 
PULSE DURATION = 250us, Vgg = 10V, Ip = 12A 
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FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


Ves = OV, f = 1MHz 


600 


400 


200 


C, CAPACITANCE (pF) 
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Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Ves = Vps; Ip = 250A 


2.0 


1.5 


1.0 


NORMALIZED VesctH) 


0.5 


-80 -40 40 80 120 160 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 17 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs 
TEMPERATURE DERATING CURVE 


Vpp = BVpss 


0.75 BVpss 0.75 BVpss 
0.50 BVpss 0.50 BVpss 
0.25 BVpss 0.25 BVpss 


Vps, DRAIN SOURCE VOLTAGE (V) 


Ry = 5Q 

IG(REF) = 0.24mA 

Ves = 10V 
I I 
=) t, TIME (ys) 80 —_ 
Iaact) le(act) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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RFD3055, RFD3055SM, RFP3055 


Typical Performance Curves (Continued) 
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FIGURE 14. UNCLAMPED ENERGY WAVEFORMS FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 
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FIGURE 16. RESISTIVE SWITCHING WAVEFORMS FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 
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RFD3055, RFD3055SM, RFP3055 


PSpice Model Listing 


Temperature Compensated PSPICE Model for the RFD3055, RFD3055SM, RFP3055 


.SUBCKT RFP3055 213; rev 10/26/93 


CA 12 8 0.540e-9 DPLCAP 5 
CB 15 14 0.540e-9 10 
CIN 68 0.300e-9 


DBODY 7 5 DBDMOD RecLe 51 

DBREAK 5 11 DBKMOD < 

DPLCAP 10 5 DPLCAPMOD CS) Eset 
50 


EBREAK 117 17 18 67.9 ~ 
RDRAIN 

EDS 148581 esc (£) 
EGS 138681 : wa 
ESG 610681 —i|-— 
EVTO 206 188 1 GATE RGATE | ()- 

. : 6 MOS1 
IT 8171 , “GATE 9 


RSCL1 


LDRAIN 2 5 1e-9 Rin 
LGATE 1 9 4.61e-9 8 
LSOURCE 37 4.61e-9 


MOS1 16 6 8 8 MOSMOD M=0.99 SIA ¢ 5b S2A 
MOS2 16 21 8 8 MOSMOD M=0.01 12 13 14 


RBREAK 17 18 RBKMOD 1 . . 

RDRAIN 50 16 RDSMOD 1e-4 13 

RGATE 9 20 7.23 CA CB 

RIN 6 8 1e9 , +114 
RSCL1 5 51 RSLVCMOD 1e-6 EGS (£) EDS 
RSCL2 5 50 1e3 - 
RSOURCE 8 7 RDSMOD 108e-3 

RVTO 18 19 RVTOMOD 1 


S1A 6 12 138 S1AMOD 
S1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 216 0.5 


ESCL 5150 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/30,6.5))} 


DRAIN 
LDRAIN 2 
DBREAK 
1] + DBODY 
EBREAK (Ar) 
MOS2 
RSOURCE LSOURCE 
D9 «3 
7 SOURCE 
RBREAK 
17 18 
RVTO 
(4) iT 19 
= VBAT 


MODEL DBDMOD D (|S=4.33e-14 RS=2.78e-2 TRS1=1.10e-3 TRS2=5.19e-6 CJO=3.94e-10 TT=7.63e-8) 


.MODEL DBKMOD D (RS=0.676 TRS1=1.94e-3 TRS2=-1.09e-6) 

MODEL DPLCAPMOD D (CJO=0.238e-9 IS=1e-30 N=10) 

MODEL MOSMOD NMOS (VTO=4.078 KP=12 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
MODEL RBKMOD RES (TC1=1.06e-3 TC2=-1.92e-6) 

.MODEL RDSMOD RES (TC1=5.03e-3 TC2=1.53e-5) 

MODEL RSLVCMOD RES (TC1=2.2e-3 TC2=-5e-6) 

.MODEL RVTOMOD RES (TC1=-5.02e-3 TC2=-9.16e-6) 

MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-6.5 VOFF=-3.5) 
-MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3.5 VOFF=-6.5) 
MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.50 VOFF=2.50) 
MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=2.50 VOFF=-2.50) 


ENDS 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circult for the Power MOSFet Featuring Global 


Temperature Options; authored by William J. Hepp and C. Frank Wheatley. 
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a? HARRIS 


RFM12N08/12N10 


RFP12N08/12N10 


August 1991 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Features Packages 
© 12A, 80V and 100V Liliana 
BOTTOM VIEW 
* FDS(on) = 9.22 
¢ SOA is Power-Dissipation Limited DRAIN 
a SOURCE / (FLANGE) 
® Nanosecond Switching Speeds o 
e Linear Transfer Characteristics O O 
e High Input Impedance - 
e Majority Carrier Device GATE 
Description TO-220AB 
The RFM12NO8 and RFM12N10 and the RFP12NO08 and TOP VIEW 
RFP12N10 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications DRAIN — 
such as switching regulators, switching converters, motor (FLANGE) mii a” iL 
drivers, relay drivers, and drivers for high-power bipolar a DRAIN 
switching transistors requiring high speed and low | ee GATE 


gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


o 
tu 
7 ue 
2%” 
=O 
ga 
Lo 
35 
= 

re) 
fo 


D 
G 
Ss 
Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
RFM12N08 RFM12N10 RFP12N08 RFP12N10 UNITS 
Drain-Source Vonage «ccs cis cccsnceecs ccwses Vpss 80 100 80 100 V 
Drain-Gate Voltage (RG@s =1mN) ............ VDGR 80 100 80 100 V 
Continuous Drain Current 
RMS Continuous .oiccccsscnccecesen ssn nnaens ID 12 12 12 12 A 
Pulsed Oran GUnreit «oc sursckcenaecs yaa eenw IDM 30 30 30 30 A 
Gate=-Source VORSGS so ncccmcvessinssaean eyes Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
Te F2EG cog ss doesn sea ten cestecsscs ave aes Pp 75 75 60 60 W 
Above Tc = +259C, Derate Linearly ............. 0.6 0.6 0.48 0.48 W/°C 
Operating and Storage Junction ........... TJ, TSTG “55 to +150 -55 to +150 ~55 to +150 -55 to +150 °C 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 38 6.1 


Copyright © Harris Corporation 1991 
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Specifications RFM12N08, RFM12N10, RFP12NO08, RFP12N10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T-)=25°C unless otherwise specified 


LIMITS 
TEST RFM12N08 RFM12N10 
Rn T ERIS laine CONDITIONS RFP12N08 RFP12N10 atts 
Drain Source Breakdown Voltage BVopss lpb=1 mA 100 V 
Ves=0 
Gate-Threshold Voltage Ves(th) Ves=Vos 2 4 2 V 
Ip=1 mA 
Zero-Gate Voltage Drain Current Vps=65 V 
Vos= 80 “ 


BABA 


Drain-Source On Voltage Vos(on)? 


Static Drain-Source On Resistance 
Forward Transconductance ai a 


[InputCapacitance | ins | — | 850 | — | 850 | 
| — | 300 | — | 300 | pF 
| — | 0 | — | 150 | 
ta( (on) 
eotTyph 37> _[peottvel (Typ re 
Roen=Rgs=50 2 30 | 
Ves=10 V 


Thermal Resistance Junction-to-Case R guc RFM12N08, 
1.67 1.67 
RFM12N10 °C/W 
RFP12N08, 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


48Pulsed: Pulse duration=300 us max., duty cycle=2%. 


LIMITS 


TEST RFM12N08 
CHARACTERISTIC SYMBOL | CONDITIONS RFM12N10 


Diode Forward Voltage | Isp=6 A 6A 
lr=4A 
Reverse Recovery Time die/d=100 A/us 


*Pulse Test: Width < 300 us, duty cycle < <a 
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RFM12N08, RFM12N10, RFP12N08, RFP12N10 


CASE TEMPERATURE(Tc)= 25°C 

(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 
IN TEMPERATURE) 
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Fig. 1 - Maximum operating areas for all types. 
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POWER DISSIPATION (P7)—W 


NORMALIZED GATE THRESHOLD VOLTAGE 


Sete ae 
q a 
HESTENETES 
10) 50 100 150 100 
CASE TEMPERATURE (Tc )—°C JUNCTION TEMPERATURE (T))—°C 
92CS-34364R2 9208-34359 
Fig. 2 - Power dissipation vs. temperature derating curve Fig. 3 - Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 


PULSE TEST 
14] PULSE DURATION=80 ps 
DUTY CYCLE < 2% 
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Fig. 4 - Normalized drain-to-source on resistance to junction tem- Fig. 5 - Typical transfer characteristics for all types. 


perature for all types. 
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Vos — Volts 


RFM12NO08, RFM12N10, RFP12NO8, RFP12N10 


Ves — Volts 


Ig (REF) = 0.56 mA | 
Ves = 10V 
ORAIN SOURCE VOLTAGE 


Ig (REF) 
Ig (ACT) 


80 


TIME — Microseconds 
; 92CS37644 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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DRAIN CURRENT (Ip)-A eithaseue 


Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 


Fig. 10 - 
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PULSE TEST 
PULSE DURATION =80us 
DUTY CYCLE <2% 
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Typical forward transconductance as a function of 
drain current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage 
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for all types. 
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Fig. 11 — Switching Time Test Circuit 


| HARRIS 


RFM12N18/12N20 


RFP12N18/12N20 


August 1991 


Features 

© 12A, 180V and 200V 

* rDS(on) = 9.252 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device 


Description 


The RFM12N18 and RFM12N20 and the RFP12N18 and 
RFP12N20 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM-types are supplied in the JEDEC TO-204AA steel 
package and the RFP-series types in the JEDEC 
TO-220AB plastic package. 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 


TO-204AA 
BOTTOM VIEW 


DRAIN 


SOURCE Ze (FLANGE) 


TO-220AB 
TOP VIEW 


DRAIN 
(FLANGE) 


fey 


N-CHANNEL 
POWER MOSFETs 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


RFM12N18 

Drain-Source Voltage) 2. c.eseccnsssccanenenss Voss 180 
Drain-Gate Voltage (RGS =1mMM) ............ VDGR 180 
Continuous Drain Current 

AMS COmingoue: sack se ccs cue vende tavern oa aes Ip 12 

Pulsed Drain GUTENt 6 ccc ewes den unvee creas IDM 30 
Gate-Source Vollage sica csc vevcvccavsceacsas Vas #20 
Maximum Power Dissipation 

ils tote ug’ PUUETR ESTE T TE TEECRT COTE TET CET. Pp 100 

Above Tc = +259C, Derate Linearly ............. 0.8 
Operating and Storage Junction ........... TJ, TSTG -55 to +150 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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D 
G 
Ss 
RFM12N20 RFP12N18 RFP12N20 UNITS 
200 180 200 V 
200 180 200 V 
12 12 12 A 
30 30 30 A 
+20 +20 +20 V 
100 Figs) Ve) W 
0.8 0.6 0.6 W/°C 
-55to +150 -55to +150 -55 to +150 oC 
File Number 1461.1 


Specifications RFM12N18, RFM12N20, RFP12N178, RFP 12N20 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T-.)=25°C unless otherwise specified 


LIMITS 
RFM12N18 RFM12N20 | 
tie war ae ee — 
Drain-Source Breakdown Voltage BVoss Ip=1 mA ia 
Ves=0 
Gate-Threshold Voltage Ves(th) Ves=Vos 
- Ip=1 mA 


TEST 
CONDITIONS 


CHARACTERISTIC SYMBOL 


Zero-Gate Voltage Drain Current Vps=145 V 
Vos=160 V 
Tc=125°C 
Vos=145 V 
Vps=160 V 


Gate-Source Leakage Current Ves=+20 V 
Ls 0 


Drain-Source On Voltage Vps(on)® Hit] 


ceo vamov | PP 
Forward Transconductance Vos= 10 V ie he 
can =] 


ee eK 
600 | — | 600 | pF 
Revere-Tanster Capactance [Gm ee 
Voor100V [5(typ)| 50 _[35(typ)| 50 
ae a l-6 A —_—fF3O(typ)| 200 _ha0(typ)| 200 
Reon Rye=50 0 


Voa=10 V 


Thermal Resistance Junction-to-Case Sa aaien RFM12N18, 
1.25 1.25 
RFM12N20 oc/w | 
RFP12N18, | 
RFP12N20 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


| TEST RFM12N18 
CHARACTERISTIC SYMBOL | conpiTIONS REP12N18 


Diode Forward Voltage 


Reverse Recovery Time die /de=100 A/us 325(typ) 


@Pulsed: Pulse duration=300 us max., duty cycle=2%. 
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RFM12N18, RFM12N20, RFP12N18, RFP12N20 


g| CASE TEMPERATURE (T-) = 25° 


(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
oe ee 


Siete 


seta preter ae’. i aneeeieiiag! 
10 oop . a snenniiien 
ah 
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Wee 
NN GROOE ROUND ae 


DRAIN CURRENT (Ip)-A 


pa 
nes i CoH 


DRAIN-TO-SOURCE VOLTAGE (Vp) —V 
92CS- 36495R1 


Fig. 1 - Maximum safe operating areas for all types. 
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POWER DISSIPATION (Py) — 


NORMALIZED GATE THRE 
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92CS- 36490 JUNCTION TEMPERATURE (Tj)—°C 
92CS-36514 
Fig. 2 - Power dissipation vs. case temperature derating curve Fig. 3 - Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 
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JUNCTION TEMPERATURE (T,)—°C GATE-TO-SOURCE VOLTAGE (Vgs) — V 
92CS- 36515 92CS-36491 
Fig. 4 - Normalized drain-to-source on resistance as a function Fig. 5 - Typical transfer characteristics for all types. 


of junction temperature for all types. 
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RFM12N18, RFM12N20, RFP12N18, RFP12N20 
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Vos — Volts 
Ves — Volts 
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Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - Typical drain-to-source on resistance as a function Fig. 9 - Capacitance as a function of drain-to-source voltage 
of drain current for all types. for all types. 
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Fig. 10 - Typical forward transconductance as a function of Fig. 11 — Switching Time Test Circuit 
drain current for all types. 
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i HARRIS RFH12N35 
RFH12N40 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors 
Features Package 
e 12A, 350V and 400V TO-218AC 
TOP VIEW 


® rps(on) = 0.038 
e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


e High Input Impedance 
e Majority Carrier Device 


e High-Current, Low-Inductance Package 


Description 
The RFH12N35 and  RFH12N40~ are n-channel 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


enhancement-mode silicon-gate power field-effect transistors re 
designed for applications such as _ switching regulators, J 7s 
switching converters, motor drivers, relay drivers, and drivers 4 a ” 
for high-power bipolar switching transistors requiring high =z 2 
speed and low gate-drive power. These types can be operated = - 
directly from integrated circuits. Ow 
er ; G zs 
The RFH-types are supplied in the JEDEC TO-218AC plastic re) 
package. a 
S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFH12N35 RFH12N40 UNITS 

DPM SOUIES VAISS 64 ve ner new onsen ned eeaveederae kat new en Voss 350 400 V 
Drain-Gate Voltage (RGS = 1MIQ) .... nec cnccccce cr cccenns VDGR 350 400 V 
Conmnuics Dra GUMEMs os ccs or cwnes anid wen wwekeves tes ae Ip 12 12 A 
Putsed Dram GUnrGnt . cack ccs cas as ons 023 oe ved sew eH ened RE REEs IDM 24 24 A 
Gate-SoOurce VONAGE ccc ccccnc cs scenes sendecebas seaewenss Ves +20 +20 V 
Maximum Power Dissipation 

TE FASS cscs vsasneserckies bau saeae negiewus saeneeneass Pp 150 150 W 
Lingar Dersting Facil aces ccduedye die ssd otinecctens sheedades cant 1.2 12 W/°C 
Operating and Storage Temperature ...............0005- Tyr STG -55 to +150 -55 to +150 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 630.1 
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Specifications RFH12N35, RFH12N40 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 
TEST 
CHARACTERISTIC SYMBOL | CONDITIONS | RRHIZNGS UNITS 


Drain-Source Breakdown BVoss In=10mMmA 350 
Gate Threshold Voltage Ves(th) Vas = Vos 


Zero Gate Voltage Drain Vos = 280 V 1 
Current Vos = 320 V sc _ 
Tc = 125°C 
Vos = 280 V 
Vos = 320 V 


y= 
> 


EE 


Gate-Source Leakage Ves=t20V 100 100 nA 
Drain-Source On Voltage Vos(on)& ID=6A 2.28 2.28 
Ves = 10 V . 
IDb=12A 6.75 6.75 
Ves =10V 
0.38 0.38 Q 


Static Drain-Source On 'ps(on)@ IDb=6A 
Forward Transconductance Qts® Vos = 10 V 


: [3000 3000 
[=| 900 [= [900 
es ee 
Voo= 200V | aotye) | 50 | soya) | so | | 
TRiseTime—SS~sSSCiS*d;st 8A H05Ktypy | 150 | TOL) | 150] | 
Rowr=Roe=500 ns | 


Thermal Resistance R@sc RFH12N35, 
Junction-to-Case RFH12N40 0.83 0.83 °C/W 
Series 


@Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


| 
=% 
° 


Be) 
oH 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


CHARACTERISTIC TEST CONDITIONS 


Reverse Recovery Time tr le = 4A, die/d: = 100 A/us 950 (typ.) 950 (typ.) 


* Pulse Test: Width < 300 ws, Duty cycle < 2%. 
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RFH12N35, RFH12N40 


lOO, | CASE TEMPERATURE(Tc )= 25°C # 
(CURVES MUST BE DERATED 

LINEARLY WITH INCREASE 
ae ae 


ses iery senereeee te 
A Hie 


P Aa eee 
uae Gausee ERE Hiesee 
fe 


eee IN THIS cae 
11S LIMITED BY rpg (on) 


DRAIN CURRENT (Ip)-A 


Voss (MAX.)= 350 V RFMI2N35 
Voss (MAX.)=400V RFMIZN4O 


nn Seeeetseaiuran! Gs Ha 
HU BBESEUOITL EE sents HH ai tt 


fe) 2 4 6 8 100 2 4 6 81000 


8 
DRAIN- TO-SOURCE VOLTAGE (Vpg)- 


92CS-38772RI 


Fig. 1 - Maximum safe operating areas for all types. 
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eee 


HAT ARTS 


POWER DISSIPATION (Py )-W 
aa 
tT | 
tT 
NORMALIZED GATE THRESHOLD VOLTAGE 


- ae 

cit siriesitae 3 fie 

fae HH H 

aan CH sounaa 

i : ae 

HoH CH tH 

a 1. ial i 

_ - 
) 150 200 -50 100 150 
CASE TEMPERATURE (Te )-°C on ewpeenuse CT yi Pee 
92CS-37231 92CS- 37232 
Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction temperature for all types. 


Hat | Vos 710 
11T] PULSE TEST 
aeeuars el 


ry s < PULSE DURATION = 80ys 
S ' HY i DUTY CYCLE < 2% 
a] Hi H = 
S) TT] HH & 
S +4 H fay 
2 at ao 
3 + HH 5 
' = 22 Se ees 
08 Hote 2 
12 an sonme : 
25 ah tH sueee = Sueeneueeeeeeeee a H 
5S Ht : = H 3 MRO Deas 
[a¥S) Ha i. ‘dat: z Coo aN Seeseunene 
z os a 2 oaeee 2255558 
Od HHH x Ty 
Ld 5 one seen! 
pel ay co ees 
05 sane ae m Hy 
gc ii H HH HHH rs oe v, ae 
& see ® Eh sian 
: oH ssese es Zz LAr 
sees s H 
ie) 50 
JUNCTION TEMPERATURE (T,)—°C GATE- ss SOURCE PiLIAAE Miaado¥ 
92CS=37233 92CS-37234 
Fig. 4- Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFH12N35, RFH12N40 


400 


PULSE TEST 
PULSE DURATION=80ys 
— DUTY CYCLE < 2% 
SOURCE ieeecaat SaS3 $881 8828829838 S2328 3055 
300 VOLTAGE fei pees sesesccces ae 
uk 
Sea a 
¥ RL = 33.39 i 
$ Yoo = Yoss Ig (REF)=25mA 3 fa) Hey Hu 
200 4 a 
n 2) 
> 2 z st 
ee 
HH 
: EE 
i e HE i TE ti 
s HE HRS LETH 
a a fe 
6 Hii a AU 
0 aan > EH agin HEERIEL i sa a Hue s5338 
Ig (REF) Ig (REF) Pam HH SSssessseesstisees Hit i Hii Veg? +4Vid 
ig ACT 8075 (ACT) ae pet SEaHdHTGAANEEBUANIHIEINEISTE 
HERE te 
TIME — Microseconds 9928-37687 6 8 10 12 14 
DRAIN-TO-SOURCE VOLTAGE (Vp5)-V 
92CS- 37.236 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 


Fig. 7 - Typical saturation characteristics for all types. 
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DRAIN- TO- SOURCE on RESISTANCE 


TH 


: a sein oH 
Eee 


DRAIN CURRENT lene 


92CS- 37237 


DRAIN-TO-SOURCE VOLTAGE (Vp5)—V 
92CS-37238 


Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 


Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 


PULSE TEST 
PULSE DURATION = Boys > 


DUTY CYCLE < eae 
STIRREIETIEEE 
HH H Sn 


aes 
Th SS 
Ve 


TTAIV ADT YT 


FORWARD TRANSCONDUCTANCE ( gfs )—mho 


8 


10 


l2 


a 16 


DRAIN- ies SOURCE CURRENT (Ip)-A 


current for all types. 


92CS-37239 


Fig. 10 - Typical forward transconductance as a function of drain 
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332 


i) 
TO SCOPE 


= “pp a 
200V 


KELVIN 
CONTACT 


92CS-37409 


Fig. 11 - Switching Time Test Circuit. 


i HARRIS 


August 1991 


Features 

e 12A, 350V and 400V 

* DS(on) = 0.52 

© SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Description 


The RFM12N35 and RFM12N40 n-channel enhancement- 
mode silicon-gate power field-effect transistors designed 
for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar transistors requiring high speed and low 
gate-drive power. These transistors can be operated direct- 
ly from integrated circuits. 


The RFM types are supplied in the JEDEC TO-204AA 
steel package. 


RFM12N35 
RFM12N40 


N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 


TO-204AA 
BOTTOM VIEW 


DRAIN 


SOURCE WA (FLANGE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 259°C), Unless Otherwise Specified 


Drain-Source VOSGES oasis ccvccccascccc can teases betes cenweaes wee 
Drain-Gate Voltage (RGSS = WMG) 26 sens cccces ase cos arene ceedrnes 


Continuous Drain Current 


FS Continua +c <caiaxencaeesee 62 ox ededed tances cence ane ee wun 
Pulsed Dat GU 6 iace vads bs 056.0654 +a0 b6n as Hea Ses eRERE DERE 
Gale-Source Vonage 2cs ca pese caves vevasenwmacsan ine dawnd we cnwen 


Maximum Power Dissipation 


TEPID cise unosevsonadnesea uiekonssauens sarsnacadsesseae 
Above To = +259C, Derate Linearly ..........ceeeeeeecescereens 
Operating and Storage JUNCUON 66 ses ccs cs ctasncnecenees voces exnee 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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Ss 
RFM12N35 RFM12N40 UNITS 
ai wt Voss 350 400 V 
tasers VDGR 350 400 V 
ieeeewnn wn Ip 12 12 A 
‘ovece nes IDM 24 24 A 
Keen bebe Ves +20 +20 V 
TTT Tree Pp 150 150 W 
6aeetaeRs +9 1.2 1.2 W/°C 
w+» TH TSTG ~“55to+150 -55to+150 vd ©; 
File Number 1787 
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Specifications RFM12N35, RFM12N40 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 


CHARACTERISTIC CONDITIONS Sa UNITS 


Drain-Source Breakdown BVoss ln=10mA caenes 
SESeme a ESS 

lIn=1mMmA | 

Zero-Gate Voltage Drain Vos = 280 V Po ft ftp | 

. _ i | 

HA | 


TEST 


Current 
Te = 125°C 
Vos = 280 V 


J Ves = +20 V 
Gate-Source Leakage lass es = £20 400 100 nA 
Current Vos = 0 


Drain-Source On Voltage Vos(on)@ 


Static Drain-Source On rps(on)@ 
Resistance 


Forward Transconductance gts 


| 30(typ) | 50 | 30(typ) | 50 
/105(typ) | 150__| 105(typ) | 150_| 
Roen=Ros=500 | 480(typ) | 750__| aao(typ) | 750 |” 
Ves=10V | 140(typ) | 200 | 140(typ) | 200 _| 


Thermal Resistance RFM12N35, 
Junction-to-Case RFM12N40 0.83 0.83 °C/W 
Series 


@Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


| = | 400 | — | 400 | 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
CHARACTERISTIC TEST CONDITIONS 


>a a ot 5 ee 
Reverse Recovery Time tr lp = 4A, die/d: = 100 A/us 950 typ. 


* Pulse Test: Width < 300 ws, Duty cycle < 2%. 
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RFM12N35, RFM12N40 


100, | CASE TEMPERATURE(Tc)= 25°C == 
(CURVES MUST BE DERATED - 

6| LINEARLY WITH INCREASE = 
. IN eee 


an 


Tp (Max) “CONTINUOUS = 

io — peony sO BOE 

8 SS ee 
hee spb oe ened fae 

6 4 


obtain Me THIS AREA E4 
71 1S LIMITED BY ‘os (on) 


DRAIN CURRENT (Ip)-A 


a oe “(MAX)= 350V RFMI2N3S — 
: Fe[Vpss (MAX)*400V RFMI2N4O Beis: 
EEG assed ogee 
0.1 Hise bata mmmwaiyget teinan pegel rst HH re mona elt 
4 6 8 Io 2 4 6 8100 


DRAIN- TO-SOURCE VOLTAGE (Vps)-V 
92CS-38772R| 


Fig. 1 - Maximum safe operating areas for all types. 
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CASE TEMPERATURE Te )—2c JUNCTION TEMPERATURE (Ty )—°C 
92CS-37231 926S=37232 
Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction temperature for all types. 


Vos =10V 


PULSE TEST 


PULSE DURATION = 80ys 
DUTY CYCLE <s2% 


RESISTANCE [rps(on)] 


NORMALIZED DRAIN-TO- SOURCE on 


7 
= 
c 
2 
[=) 
H 
a 
- 
z 
WwW 
ing 
x 
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oO 
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z 
i'd 
(=) 
WwW 
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fo} 


-50 fe) 50 100 150 
JUNCTION TEMPERATURE (T,)—°C GATE-TO-SOURCE VOLTAGE (Vgg)-V 
92CS- 37233 92CS-37234 
Fig. 4- Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFM12N35, RFM12N40 


GATE 
OURCE 
VOLTAGE 


RL = 33.39 
Ig (REF) = 2.5 mA 


Ves — Volts 


Ig (REF) 
1g (ACT) 


TIME — Microseconds 92CS-37667 


Fig. 6 - Normalized switching waveforms for constant gate-current. 


DRAIN- TO- SOURCE on RESISTANCE 


[ Fygon)] —OHMS 


Refer to Harris application notes AN-7254 and AN-7260. 
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DRAIN CURRENT (Ip)-A 


92CS-37237 


Fig. 8 - Typical drain-to-source on resistance as a function of 


drain current for all types. 
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PULSE TEST 
PULSE DURATION = 80s 
DUTY CYCLE s 2% 
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FORWARD TRANSCONDUCTANCE ({ gfs )—mho 


Fig. 10 - Typical forward transconductance as a function of drain 


for all types. 
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PULSE TEST 
PULSE DURATION =80us 
DUTY CYCLE < 2% 
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DRAIN-TO-SOURCE VOLTAGE (Vpg)-V 
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Fig. 7 - Typical saturation characteristics for all types. 
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DRAIN- TO-SOURCE VOLTAGE (Vp )-V 


all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 
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Fig. 11 - Switching Test Time Circuit. 


i? HARRIS RFD14N05/05SM 
RFP14N05 


N-Channel Enhancement Mode Power 


May 1991 Field Effect Transistors (MegaFETs) 
Features Packages 
TO-220AB 
© 14A, 50V TOP VIEW 


° RDS(on) = 0.12 DRAIN — enuene 
Ee 

e UIS SOA Rating Curve (Single Pulse) (FLANGE) Ps 11 AIN 

© SOA is Power-Dissipation Limited L.  ——— GATE 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


TO-251AA 
¢ High Input Impedance TOP VIEW 
¢ +175°C Operating Temperature + SOURCE 
mf 5 DRAIN 
; . eee GATE 
Description 
The RFD14N05, RFD14NO5SM, and RFP14NO05 n-channel ) 
power MOSFETs are manufactured using the MegaFET TO-252AA 4 ia 
process. This process which uses feature sizes approaching TOP VIEW TT LA 
those of LSI integrated circuits, gives optimum utilization of HM SOURCE = re) 
silicon, resulting in outstanding performance. They were DRAIN c= 
designed for use in applications such as switching regulators, TAG _] DRAIN o 7 
switching converters, motor drivers, relay drivers, and emitter —""“T] GATE z= 
switches for bipolar transistors. These transistors can be 2 


operated directly from integrated circuits. 


The RFD14NO5 is supplied in the JEDEC TO-251 plastic | 7 ‘nal Di 
package, the RFD14NOS5SM in the JEDEC TO-252 plastic | ‘@//7/nal Magram 


package and the RFP14N0O5 in the JEDEC TO-220AB plastic N-CHANNEL ENHANCEMENT MODE 
package. 
D 
: 
S 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
DIS -SCHICe VONS0G, VAS iia vbxde nex cheb net d54458ed be oes Res ORE Hes ECE N SHES aE bes TAKERS Meh eeeTeeRKed SeadES peEdESO~E 50V 
Disin- ieee Vonage, (cea TNE), VG «ode dnc Sa cnk edi en oee nndeernndae scanned one bad in bho Ge bke kb 24d Wee ee Sse deeNe ede niees SOV 
Gate-Source Voltage, Vii «ins vase denen nee eae nu ven Mebue aud Dexdes Aes SON dees eas Rus Awe ew ekWed Fae O6 DEN Tee Os ead Hee De RRO RR +20V 
Drain Current: 
Bite COMINGS, I) wabesnns Kes awend cents cow co bow O55 Se twh 094900 ERORE OREO s HedRS OE4 G8 Fade PEE LENE DER HE ONE des es HH 62528 14A 
Pi ae i Pickavaaaocesndasasaeawe nevuuueauds eure anedeunnweceereccus us ueu yes anc heosen bone mecor uns anu uienedesseadirann ue 35A 


Single Pulse Avalanche Energy Rating, (Refer to UIS SOA Curve) 
Power Dissipation, Pp: 


fades’ “SOT ORT Eee eeTUTECETIECORTETORTOC SCL ee Te eT er ee reer crey TT Tre reer Teter er rrr eT yee erie Te eee 48W 
Dermat ADOVe TG = A259 pc asiwa see ne vas Foie Nh 55s Hed es Re HE EES FRR CET E HSE S55 REG Ke HER RRS Ee Os RS Bus VER we Ow RRR TS 0.32W/9C 
Operating and Storage Junction 
Tempematdee Handa, 1: (Stee secon ceewn cee sex en en desnt one tesoncnerernadagn ane has oes eubadon VEU Re eee EERE ees -§5 to +1759C 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2268 1 
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RFD14N05, RFD14NO5SM, RFP14N0O5 


ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 25°C unless otherwise specified 


CHARACTERISTIC 


Zero-Gate Voltage Drain Current 


Gate-Source Leakage Current 
Static Drain-Source On-Resistance 
Turn-On Time 


Q,(10) 
Q,(th) 
V(plateau) 


Thermal Resistance, Junction-to-Ambient Raia 


Vos = 40 V, Ves =OV 
Tc = 150°C 


Te) 


Ves = +20 V 


14 A, Ves = 10 V 


Von = 25V, lb =7A 

Ig1 = Igp2 =O.2A 
Ves (clamp) + 10 V, -0.6 V 
Ri. = 3.579 


lp = 14A, Vos = 15 V 
Vop = 25 V, lb = 7A, L=0.2uH 
Ri = 3.5/7 2. Ig1 = Igo = 0.2 A 
Ves (Clamp) + 10 V, -0.6 V 
TO-251 & TO-252 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Ves=0-20V_ [| — | 40 
Ves=O-10V | — | 2 | 
| Ves=0O-2V | — | 15 | 
Se ee 


p= 
ee SE 
aed 
ae 
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pd 


| 80 | 


TO-220 


Diode Forward Voltage Vsp Isp = 14A 
Reverse Recovery Time tr lp = 14A, died: = 100 A/ 
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DRAIN CURRENT (Id) - AMPS 


SS. 
TTT OTT TTP 
a ae 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 7 


FIGURE 1. SAFE OPERATING AREA CURVE 


Ias - AMPS 
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FIGURE 2. UNCLAMPED INDUCTIVE SWITCHING 
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RFD14N05, RFD14NO5SM, RFP14N05 
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RFD14N05, RFD14NO5SM, RFP14N05 
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FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN FIGURE 10. TYPICAL CAPACITANCE vs VOLTAGE 
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FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE CURRENT 
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RFD14N05, RFD14NO5SM, RFP14N05 


VoD 


GATE CURRENT 


SWITCHING TEST CIRCUIT Ses earn Me 


FIGURE 12. RESISTIVE SWITCHING 
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y| ‘ 


FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 


N-CHANNEL 
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| HARRIS RFM15N05/15N06 
RFP15N05/15NO06 


N-Channel Enhancement Mode 


May 1992 Power Field Effect Transistors 
Features Packages 
TO-204AA 
© 15A, 50V and 60V BOTTOM VIEW 
* 'DS(on) = 0-142 a DRAIN 
¢ SOA is Power-Dissipation Limited J (FLANGE) 
® Nanosecond Switching Speeds O ‘oO O 
e Linear Transfer Characteristics ° 
© High Input Impedance GATE 
e Majority Carrier Device 
® Temperature Compensated SPICE Model Provided 
Description TO-220AB 
TOP VIEW 
The RFM15NO05 and RFM15N0O6 and the RFP15NO5 and 
RFP15NO6 are n-channel enhancement-mode silicon-gate DRAIN = 
power field-effect transistors designed for applications (FLANGE) [> SOURCE 
such as switching regulators, switching converters, motor > DRAIN 
. ° . . ° E——_——— 
drivers, relay drivers, and drivers for high-power bipolar L. — GATE 


switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM series types are supplied in the JEDEC 


TO-204AA steel package and the REP series types inthe | /@/ménal Diagram 


TO-220AB plastic package. N-CHANNEL ENHANCEMENT MODE 
D 
G 
S 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
RFM15NO5  RFM15NO6  RFP15NO5 RFP15NO6 UNITS 


Drain-Source Voltage 2 cvsscces ccenesas sues Voss 50 60 50 60 V 
Drain-Gate Voltage (RGg =1MN) ............ VDGR 50 60 50 60 V 
Continuous Drain Current 

RMS Continuous scacscccessvavseearessaa cers Ip 15 15 15 15 A 

Pulsed Drain Coren i.0002002s50 eu cnaneee ec IDM 40 40 40 40 A 
Gale-SOuUrCe VORAGES .iscccccescsscceesensnes Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 

TOP TERO 56s vkeavedanseesbave wens ruse once Pp 90 90 90 90 Ww 

Above Tc = +259C, Derate Linearly ............. 0.48 0.48 0.48 0.48 W/°C 
Operating and Storage Junction ........... Ty, TSTG -55to+150 -55to+150 -55to+150 -55to+150 °C 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 47 8 1 
Copyright © Harris Corporation 1992 
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RFM15N05, RFM15NO0O6, RFP15NO05, RFP15N06 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T.)=25°C unless otherwise specified 


LIMITS 
TEST RFM15N05 RFM15N06 
ileal orPOt CONDITIONS RFP15N05 RFP15N06 
Drain-Source Breakdown Voltage BVoss Ib=1 MA 50 
Ves=0 
Gate-Threshold Voltage Ves(th) Vas=Vos 2 4 
Ip=1 mA 
Zero-Gate Voltage Drain Current PtP 
= —_ 1 
Tce=125° C 
Vps=40 V 50 — 
— 50 
a 
1.05 = 1.05 
Ip=15A 2.5 2.5 
Ves=10 V 
Static Drain-Source On Resistance ot iad Ba 


Drain-Source On Voltage 


= [880 | 80 


= [450 [= 50 
[80 | 180 
| 
Roen=Poe=50 0 
leas’ 


Thermal Resistance Junction-to-Case R gic | Remenoe | — | te | = | 67 | 
RFM15N06 
RFP15NO05, 

ses [= be [= [ow 


@Pulsed: Pulse duration=300 us max., duty cycle=2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
TEST RFM15N05 RFM15N06 
CHARACTERISTIC SYMBOL | CoNDITIONS RFP15NO05 RFP15NO06 UNITS 
Diode Forward Voltage 1.4 eat | 


| MAX. | 
Y 
) 


Reverse Recovery Time i,jae wn es 100 (typ) 100(typ 


*Pulse Test: Width < 300 us, duty cycle < 2%. 
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RFM15NO05, RFM15NO6, RFP15N05, RFP15NO6 


GATE SOURCE 
VOLTAGE 


y-C97) INSyUND NIBYO 


=532 ma 


lon 
uw 
ww 
od 
- 


I 


Time - us 


DRAIN TO SOURCE VOLTAGE (Vps)-V 


17e1 


FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 


FIGURE 1. NORMALIZED SWITCHING WAVEFORMS 


Id=250ua 


150 


100 


JUNCTION TEMPERATURE (CT; )-degC 


s «© 8  & @_ 
= = — roo) o 2 
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1/01 


‘cuo)®Py s3y 394N0S 01 NIBYO OSZITYNYON 


100 


DRAIN-SOURCE VOLTAGEC Vps)-V 


le 
il 


10 


PERATION I 
HIS AREA I 
IMITED BY 


FIGURE 4. BREAKDOWN VOLTAGE vs TEMPERATURE 


20 


15 


FIGURE 3. NORMALIZED 'DS(ON) VS TEMPERATURE 


o3%¢9) 39NvLI9Beu9 


1/01 


DRAIN TO SOURCE VOLTAGE (Vps)- 


1/01 


FIGURE 6. MAXIMUM SAFE OPERATING AREA 


FIGURE 5. CAPACITANCE vs DRAIN TO SOURCE VOLTAGE 
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6s 7*¥ 


NORMALIZED GATE THRESHOLD VOLTAGECY 


ON STATE DRAIN CURRENT (In 2-1 


RFM15NO05, RFM15NO6, RFP15N05, RFP15NO6 


w 
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jae 
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oe 
ww 
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Yos??Ipcon) * Rpscon)max 


2 A 6 8 10 
was GATE TO SOURCE VOLTAGE (Vgg)-V 


FIGURE 7. TYPICAL TRANSFER CHARACTERISTICS 
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FIGURE 9. THRESHOLD VOLTAGE vs TEMPERATURE (Tj) 
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4 6 8 0 
DRAIN TO SOURCE CURRENT (Ip)-A 


FIGURE 8. rps(ON) VS DRAIN CURRENT 


FIGURE 10. SWITCHING TIME TEST CIRCUIT 


N-CHANNEL 
POWER MOSFETs 


RFM15N05, RFM15N06, RFP15N05, RFP15NO6 


Spice Model (RFM15N06) 


SSUBCKTRFM15NO6 2 1. 3; 
*Nominal Temperature = 25°C 
.MODEL MOSMOD NMOS (VTO=3.46 KP=3.09 
Vito 21 6 .74 

Rsource 8 7 RDSMOD 34.82e-3 

Rdrain 5 16 RDSMOD 13.3e-3 

-MODEL RDSMOD RES (TCI=6.5e-3 TC2=3.28e-5) 


rev 01/07/91 


IS=le-30 N=10 TOS=1 


L=lu W=lu) 


-MODEL RVTOMOD RES (TCl=-4.30e-3 TC2=-3.77e-6) 


-MODEL RVTOMOD2 RES (TCI=O TC2=0) 
Ebreak 11 7 17 18 102.35 

-MODEL RBKMOD RES (TCI=8.33e-1 
-MODEL DBKMOD D (RS=3.83e-1 


TRS1=7.81e-4 TRS2=-9.28e-6) 
TRS1=7.81e-4 TRS2=-9.28e-6) 


-.MODEL DBDMOD D (IS=8.16e-13 RS=1.54e-2 TRS1=1.77e-3 TRS2=1.85e-5) 


+CJO=9.16e-10 TT=7e-8 

Cin 6 8 4.44e-10 

Ca 12 8 9.14e-10 

-MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 
-MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 
-MODEL DPLCAPMOD D (CJO=4.90e-10 
Cb 12 14 5.81e-10 

-MODEL S2AMOD VSWITCH (RON=le-5 ROFF=0.1 
.MODEL S2BMOD VSWITCH (RON=le-5 ROFF=0.1 


VON=-3.66 VOFF=-1.66) 
VON=-1.66 VOFF=-3.66) 


IS=le-30 N=10) 


VON=3.07 VOFF=8.07) 


VON8.07 VOFF=3.07) 


Rgate 9 20 20.43 


Lgate 1 9 1.32e-8 

Ldrain 2 5 1.0e-10 
Lsource 3 7 1.68e-8 
Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Dpicap 10 5 DPLCAPMOD 
Eds 14 8 5 8 1 

Egs 13 8 6 8 1 

Esg 6 10 6 8 1 

Evto 20 6 18 8 1 

t 8 17 1 

Mos 16 6 8 8 MOSMOD M=0.99 


MOS2 16 21 
Rbreak 17 18 RBKMOD 1 
Rin 6 8 1e9 

Rvto 18 19 RVTOMOD 1 


8 8 MOSMOD M=0.01 


Sla 6 12 13 8 S1AMOD 
Sib 13 12 13 8 S1iBMOD 
S2a 6 15 14 13 S2AMOD 
S2b 13 15 14 13 S2BMOD 
Vbat 8 19 DC 1 
ENDS 
J Dpicap Ldroin 2 
Rdrain <7 
Esg (4) . Dbreak 
° a Dbod 
= 4h} Mos2 a y 
GATE Rgcte Evto = 
O 
1~ Lgate ® = . Ebreak( if) 
Rin Cin 
® Rsource Lsource 3 
B 
: SOURCE 
s Rbreak 
17 
Rvto 
sa 14 Or beg 
Eds (#) wr, Voot 
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RFM15N05, RFM15NO6, RFP15N0O5, RFP15N0O6 


Spice Model (RFM15N06) 


SUBCKTRFM15NO6 2 1 3; rev01/07/91 

*Nominal Temperature = 25°C 

-MODEL MOSMOD NMOS (VTO=3.46 KP=3.09 IS=le-30 N=10 TOS=1 L=lu We=lu) 
Vito 21 6 .74 

Rsource 8 7 RDSMOD 34.82e-3 

Rdrain 5 16 RDSMOD 13.3e-3 

-MODEL RDSMOD RES (TCI=6.5e-3 TC2=3.28e-5) 

-MODEL RVTOMOD RES (TCl=-4.30e-3 TC2=-3.77e-6) 

-MODEL RVTOMOD2 RES (TCI=O TC2=0) 

Ebreak 11 7 17 18 102.35 

-MODEL RBKMOD RES (TCl=8.33e-1 TRS1=7.81e-4 TRS2=-9.28e-6) 

.MODEL DBKMOD D (RS=3.83e-1 TRS1=7.81e-4 TRS2=-9.28e-6) 

.MODEL DBDMOD D (IS=8.16e-13 RS=1.54e-2 TRS1=1.77e-3 TRS2=1.85e-5 +CJO=9.16e-10 TT=7e-8) 
Cin 6 8 4.44e-10 

Ca 12 8 9.14e-10 

MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3.66 VOFF=-1.66) 
MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-1.66 VOFF=-3.66) 
-MODEL DPLCAPMOD D (CJO=4.90e-10 IS=le-30 N=10) 

Cb 12 14 5.81e-10 

MODEL S2AMOD VSWITCH (RON=le-5 ROFF=0.1 VON=3.07 VOFF=8.07) 
MODEL S2BMOD VSWITCH (RON=le-5 ROFF=0.1 VON=8.07 VOFF=3.07) 
Rgate 9 20 20.43 

Lgate 1 9 1.32e-8 

Ldrain 2 5 1.0e-10 

Lsource 3 7 1.68e-8 


Dbody 7 5 DBDMOD fal 
Dbreak 5 11 DBKMOD Jit 
Dplcap 10 5 DPLCAPMOD > 
Eds 148 5 8 1 zO 
Egs 13 8 6 8 1 =. 
Esg 6 10 6 8 1 O wi 
Evo 20 6 18 8 1 22 
It 8 17 1 re) 

oO. 


Mos 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 
Rbreak 17 18 RBKMOD 1 

Rin 6 8 1e9 

Rvto 18 19 RVTOMOD 1 

Sla 6 12 13 8 S1AMOD 

Slb 13 12 13 8 S1BMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 


LENDS 
és 8 cae 
Dpicap Ldrain 2 
Rdrain 2 
Dbreak 
Esg @ - 
+ Yto 
eae =f. * a Mos2 ZX Dbody 
GATE Rgcte + - Mos 7 
1 Lgate 8 2 ‘ Ebreak( tf) 
Rin Cin 
‘ Rsource Lsource , 
B 
7 
o Sladg 4 S2a SOURCE 
4 4 8 Rbreak ie 
Siby  YS2b 
13 Rvto 
Cb 

- a it |e 

Ega(f) Eds (4) =r, Voat 
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i HARRIS 


August 1991 


Features 

© 15A, 120V and 150V 

* rDS(on) = 0.152 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


e Majority Carrier Device 


Description 


The RFM15N12 and RFM15N15 and the RFP15N12 and 
RFP15N15 are n-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 


The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


RFM15N12 

Drain-Source VONAGE « «ics jen csnsaccenaccaws Voss 120 
Drain-Gate Voltage (RG@s = 1MN)............ VDGR 120 
Continuous Drain Current 

MMS CONNNIOUS p46 xcussncteserseeunandaceens ID 15 

Pulsed Drain Current... .....sccesecssccvess IDM 40 
Gate-Source Vonage ..6c6cnccascnenwee nna’ Vas +20 
Maximum Power Dissipation 

TES Wis c bcwsnveiss estansensceds Seakaeds Pp 100 

Above Tc = +259C, Derate Linearly ............. 0.8 
Operating and Storage Junction ........... Th ISTG -55 to +150 

Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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RFM15N12/15N15 
RFP15N12/15N15 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 


TO-204AA 
BOTTOM VIEW 


DRAIN 


SOURCE J (FLANGE) 


TO-220AB 
TOP VIEW 
DRAIN sae 
——————— 
(FLANGE) SOURCE 
i DRAIN 
= => GATE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 
G 
Ss 
RFM15N15 RFP15N12 RFP15N15 UNITS 
150 120 150 V 
150 120 150 Vv 
15 15 15 A 
40 40 40 A 
+20 +20 +20 V 
100 75 75 W 
0.8 0.6 0.6 W/9C 
-55 to +150 -55 to +150 -55 to +150 °C 


File Number 1443 


Specifications RFM15N12, RFM15N15, RFP15N12, RFP15N15 


ELECTRICAL CHARACTERISTICS At Case Temperature (T.) = 25°C unless otherwise specified 


LIMITS 
RFM15N12 RFM15N15 
TEST RFP15N12 RFP15N15 


CHARACTERISTICS SYMBOL CONDITIONS | MIN. | MAX.| MIN. | MAX. | UNITS 


Gate Threshold Voltage Vesith) 


Vos = 100 V 
Vos = 120 V 
Tc = 125°C 
Vos = 100 V 
Vos = 120 V 


V = 
DS — 


Zero Gate Voltage Drain Current 


Drain-Source On Voltage 


Static Drain-Source On Resistance ‘ | 
'ps(ON) 
Forward Transconductance 


Pen = Ros = 50 0 
Ves = 10V 


RFM15N12, 
1.25 1.25 
Thermal Resistance RFM15N15 oC/W 
Junction-to-Case RFP15N12, 1.67 1.67 
RFP15N15 , 


*Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


LIMITS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
RFM15N12 RFM15N15 
SYMBOL RFP15N12 RFP15N15 UNITS 
Diode Forward Voltage Is=75A | — | 14 | — | 14 [| V 
) 


V 
Reverse Recovery Time dic eee A/us 200(typ) 200(typ 


*Pulse Test: Width < 300 ps, duty cycle < 2%. 


TEST 


CHARACTERISTIC CONDITIONS 
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POWER DISSIPATION (P7) —W 


Fig. 2 — Power dissipation vs. case temperature derating curve 
for all types. 


NORMALIZED DRAIN-TO- SOURCE 
ON RESISTANCE [F p95 (on)] 


-50 ie} 50 100 150 


RFM15N12, RFM15N15, RFP715N12, RFP15N15 


CASE TEMPERATURE (Tc) =25°C § 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 

IN TEMPERATURE) 


oe on 
oe “a8 
owen amin: 
4. he 
try 
cos 
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oO 
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Vpsg(MAX) #120 V RFMISNI2/RFPISNI22 
2 ee RFMISNIEARFEION IE 


DRAIN -TO-SOURCE VOLTAGE (Vps) — V 


92CM- 36155R1 


Fig. 1 — Maximum operating areas for all types. 
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CASE TEMPERATURE (Tc) — °C 
92CS-36154 


JUNCTION TEMPERATURE (Ty) —°C 
92CS-36179 


Fig. 4 - Normalized drain-to-source on resistance to junction tem- 
perature for all types. 
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NORMALIZED GATE THRESHOLD VOLTAGE 


100 
JUNCTION TEMPERATURE (Tj)—°C 
92CS- 34815 


Fig. 3 — Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 


Vps2!0 V + EL ie neuen 
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GATE-TO - SOURCE a (Vgg) —V 
92CS-34821 


Fig. 5 — Typical transfer characteristics for all types. 


RFM15N12, RFM15N175, RFP15N12, RFP15N15 


PULSE TEST 
30| PULSE DURATION=80 

DUTY CYCLES2% 

CASE TEMPERATURE 


12:5 
a 
| 
¢ = 2 
$ 3 S 
| 7S | [ 
n w WW 
¥ Z E 
oO 
z 
37.5 = 
(=) 
eszstisties 
fe) eeestuceeses erseee ste 
Ig (REF) EEE 36 v 
Ig (ACT) DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
TIME — Microseconds 92CS-37656 92CS-34823 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 
Refer to Harris application notes AN-7254 and AN-7260. 
g Vgs = IOV PULSE TEST 
& 0.30) PULSE DURATION = 80 pS 
| DUTY CYCLE S2% mv) 
5 tu 
a7) 
- ue — i. 
— a 
Ww | a ” 
Z S z°Q 
oD ws <= 
w” 
: < 5 & 
Z 9 ow 
<q 
7 3 zs 
s HEHE ° re) 
re ase a. 
3 
—_ 
z 
a 
c 
[=} 
DRAIN CURRENT (Ip) —A DRAIN-TO-SOURCE VOLTAGE (Vps) —V 
92CS- 34824 92CS-34852A1 
Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 — Capacitance as a function of drain-to-source voltage for 
drain current for all types. all types. 
° 10n 
<x 
E 
pein (Secssssssteeitissssiniiiitvaisstiiitivaniiiittiugegy regi: = Vp 
3} | | 
z TO SCOPE 
< | = V 
3 | >= oO 
75 Vv 
3 | KELVIN 
q CONTACT 
r | 
(3) 
x 
: | 
5 | 
; | 
o 4 6 i012 Ng ie singer ae 92CS-37370 
DRAIN CURRENT (Ip)-A 
92CS-36145 
Fig. 10 - Typical forward transconductance as a function of Fig. 11 — Switching Time Test Circuit 


drain current for all types. 
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RFD16NO05 
RFD16NO5SM 


N-Channel Enhancement Mode Power 


i HARRIS 


May 1992 Field Effect Transistors (MegaFETs) 

Features Packages 

TO-251AA 
© 16A, SOV TOP VIEW 
bd 'DS(on) = 0.047 0 
* UIS SOA Rating Curve (Single Pulse) _— SOURCE 

A ts ‘ ot TAR” DRAIN 
© SOA is Power-Dissipation Limited 
GATE 

¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
¢ High Input Impedance 
¢ +175°C Operating Temperature TO-252AA 

TOP VIEW 
Description 
The RFD16NO5 and RFD16NO5SM n-channel power DRAIN seiceiiees 
MOSFETs are manufactured using the MegaFET process. TAR DRAIN 
This process, which uses feature sizes approaching those GATE 
of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as_ switching 
regulators, switching converters, motor drivers, relay ~ z 
drivers, and emitter switches for bipolar transistors. These Terminal Diagram 
transistors can be operated directly from integrated circuits. N-CHANNEL ENHANCEMENT MODE 
The RFD16NO5 is supplied in the JEDEC TO-251AA D 
plastic package and the RFD16NO5SM in the TO-252AA 
plastic package. 

G 
S 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


Didin=SOures VOUGGE, VOSS « cs ainc dee cadsnnnedenss ccd neoesneerseWER Kae ire se teh ae BASRA ERS ERR ERa ENERO See aR 50V 
Drain-Gale Voltage, (Ags = TIME), ViGGhs ossciccccs cvnesansansa sends sense vedereed eee c0ben bane sactw Eee _essacetacnsaraeumess 50V 
Sale SOUICO VONRGS; VEG ccs cs ccdnsccence ke cae nee nensesnss sad eke eed ane Heed nes ERS aR ede HE AR ERAD ET NESE SRR aE Re OOM +20V 
Drain Current: 
AMS CONUNGOUG TE) scrcicanseeders avdeeser ene ee sanw em saneas reRNe Bee RSENS ED ewe Ree EVR wR Ae See RONEN e SESS ee em 16A 
PUNGOG, Wii sacccas c8scs cecesccmrseeanians Kacndaadecanseces tense eyes abe Ree eames REET S HEROS RERESEGE NS ceasenee One NSS aS 45A 


Single Pulse Avalanche Rating, Refer to UIS SOA 
Power Dissipation, Pp: 


ict oat ene Ter ereereTeT TCT er TPTTITTTrere cere ee TT TeTT Te LireliiTirrer ire i rreer ei eter eee eee 72W 
Darin ANGVG TG ARID cc cctcceeay seneeenns cabana dee saens 800 eUaar te Eesanaes se enede Gaesadhee tee Rdweses ees aad.ns 0.48W/°C 
Operating and Storage Junction 
Temperature ROAGS, Tj, [ST Gse cscs snes cvesnanes guess das ony epee epteN es KORN e MOTOR OHO eRe ORD OTS Oe Hae eR nea Sings e -55 to +1759C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2267 1 
Copyright © Harris Corporation 1992 | 
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Specifications RFD16N05, RFD16NO5SM 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C unless otherwise specified: 


LIMITS 
CHARACTERISTIC TEST CONDITIONS 


Ip = 0.25 mA, Ves =O V 
Ves = Vos, lob = 0.25 MA 


Tc= 150°C 


Voo = 25 V, lo =8A 


lar = Ig2 = 0.4 A 


Turn-Off Delay Time Ves (clamp) + 10 V, -0.6 V 
Fall Time Ri. = 3.125 9 
Turn-Off Time 
Total Gate Charge 
Gate Charge at 10 V 
Threshold Gate Charge Q,(th 
Plateau Voltage V(plateau lb = 16 A, Vos = 15 V 
Voo = 25 V, ln = 8 A, Ri = 3.1250 
L = 0.2 WH, Ig: = 12 =0.4A 
Ves (clamp) + 10 V, -0.6 V 
| Thermal Resistance, JunctiontoCase Rac | | 8.083 | 
= | 0 | 


” 

tu 
au 
2s 
=O 
<= 
ge 
z 
re) 
ao. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS: 
LIMITS 


CHARACTERISTIC TEST CONDITIONS MAX. UNITS 


Diode Forward Voltage Vsp Isn = 16A PF o— | 15 [| vi. 
Reverse Recovery Time tr le = 16A, dlr/d: = 100 A/ | — | 125 | ns | 


OQ 


CASE TEMPERATUR 


m 
o 
“4 
° 
~~ 
U 
nm 
ol 
a 
@ 


100.0 
w 
2 2 
. & 
2 S 
if = 
ac uu 
a a 
2 oe 
Fa 3 
= =z 
o — « 
a = a 
Vdee 
MAX=60V 
0.1 
1 10 100 76 100 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS CASE TEMPERATURE (To) - degC 
Fig. 1 - Safe operating area curve. (Curves must be derated Fig. 2 - Maximum continuous drain current vs. temperature. 


linearly with increase in temperature.) 
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POWER DISSIPATION MULTIPLIER 


ON-STATE CURRENT (Id€on)] - A 


NORMALIZED GATE THRESHOLD VOLTAGE 


(th)] 
- 
al 


(Ygs 


RFD16N05, RFD16NO5SM 


CASE TEMPERATURE (Tc) - degC 


Fig. 3 - Normalized power dissipation vs. temperature 
derating curve. 


VDD=156V 


4 Bulee Test 


2.5 5.0 7.5 10.0 


GATE-TO-SOURCE VOLTAGE (Vge) - V 


Fig 5 - Typical transfer characteristics. 


Vge-Vde Id-260uA 


ad 
8 


-60 0 60 100 160 
JUNCTION TEMPERATURE (TJ) - degC 


Fig. 7 - Normalized gate threshold voltage. 


NORMALIZED Rda(on) 
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NORMALIZED ORAIN-TO-SOURCE 
BREAKOOWN VOLTAGE (BVdss) - VOLTS 


PULSE DURATION=80us Tc=25degC 


2) 

a 

> 

< 

A 

3 

oa 

Zz 

Ww 

Cc 

x 

=) 

oO 

Zz 

< 

a 

(a) 

DRAIN-TO-SOURCE VOLTAGE (Vds)-V 
Fig. 4 - Typical saturation characteristics. 

a0 PULSE DURATION=250ue Vge-!0V Id-16A 
2.6 
2.0 
1.6 
1.0 
0.5 
0.0 

~60 0 60 100 160 200 

JUNCTION TEMPERATURE (TJ) - degC 
Fig 6 - Normalized Res(on) vs. junction temperature. 

2.0 Id=2650uA 
1.6 
1.0 
0.6 
Q.0 

-50 ) 50 100 150 200 


JUNCTION TEMPERATURE (TJ) - degC 


Fig. 8 - Normalized drain source breakdown voltage vs. 
temperature. 


CAPACITANCE (C)-pf 


RFD16N05, RFD16NO5SM 


CRSS CISS COSS 


A mie 
, 5 10 15 20 25 
SOURCE -TO-DRAIN VOLTAGE (Vsd)-V 


Fig. 9 - Typical capacitance vs. voltage. 


Vps — VOLTS 
Ves — VOLTS 


: ) 
Ig (REF) Ig (REF) 
O7G(act) TIME—MICROSECONDS 8°7—Ach 


Fig. 10 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 


GATE CURRENT 


Switching Waveforms 


VDD 
RL 
VDS 
i G = Ig 
, -« DUT 
fe) 
10V 
Switching Test Circuit 
Fig. 11 - Resistive Switching. 
Vos 
VARY tp TO OBTAIN 


REQUIRED PEAK IL 


oh] 
Vas= 10V 
tp 


Ias - AMPS 


0.01 


TIME IN AVALANCHE (tav) - MILLISECONDS 
Fig. 14 - Unclamped-inductive-Switching SOA. (Single Pulse UIS SOA) 
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HARRIS 


RFM18N08/18N10 


RFP18N08/18N10 


August 1991 


Features 

e 18A, 80V and 100V 

* rDS(on) = 0.12 

¢ SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device 


Description 


The RFM18NO08 and RFM18N10 and the RFP18NO08 and 
RFP18N10 are n-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 


The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE J (FLANGE) 
& 
GATE 
TO-220AB 
TOP VIEW 
DRAIN eas: 
I ———- 
(FLANGE) SOURCE 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


JEDEC TO-220AB plastic package. D 
G 
Ss 
Absolute Maximum Ratings (TC = 25°C) Unless Otherwise Specified 
RFM18NO08 RFM18N10 RFP18N08 RFP18N10 UNITS 
Di BOurGe VOSGES « nencasesvarecccdaeneas Voss 80 100 80 100 V 
Drain-Gate Voltage (RGS =1mN) ............ VDGR 80 100 80 100 V 
Continuous Drain Current 
AMS COMUNUGUS .cccccceasaweeedkeé pease bers Ip 18 18 18 18 A 
Pulsed DiGin CUIGNE. .2 <2066s0cdcassesnsenee IDM 45 45 45 45 A 
Gale-Source VONAGE waa neue ca nae eee eee ns VGs +20 £20 +20 +20 V 
Maximum Power Dissipation 
TEESE GS ae sesso seniae ease ee ned eense nee Pp 100 100 75 75 W 
Above Tc = +259C, Derate Linearly ............. 0.8 0.8 0.6 0.6 W/°C 
Operating and Storage Junction ........... Ty, TSTG -55 to +150 -55 to +150 -55 to +150 -55 to +150 oC 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 446 
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Specifications RFM18N08, RFM18N10, RFP18NO8, RFP18N10 


ELECTRICAL CHARACTERISTICS At Case Temperature (T.) = 25°C unless otherwise specified 


LIMITS 

 RFM18N08 
TEST RFP18N08 RFP18N10 
CHARACTERISTICS SYMBOL CONDITIONS |MAX.| MIN. | MAX. | UNITS 


lb =1mMA 
Gs — 


Ves =V 
Gate Threshold Voltage Vesa ee 2 4 2 4 V 
Ip = 1 mA 
Vos = 65 V 1 —= 
Vos = 80 V — 1 


Tc = 125°C 


Vos = 65 V 
Vos = 80 V 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


Drain-Source On Voltage 


Static Drain-Source On Resista ID=9A 
U INGE lak 0.10 0.10 Q 
Ves — 10 V 


Forward Transconductance 
Input Capacitance 
Output Capacitance 


Reverse Transfer Capacitance 


” 

th 
mi 
2 
=O 
{= 
os 
9 
z 
re) 
oa 


reortye) | 90 [eo1ve) | 90 


Turn-Off Delay Time Rgen = Ros = 50 Q| 150(typ.) 150(typ.) 
Ves =10__[150(yp. | 228 | 1500p) 


RFM18N08, 
1.25 1.25 
Thermal Resistance RFM18N10 5 
. R@JC C/W 
Junction-to-Case RFP18N08, 
1.67 1.67 
RFP18N10 


*Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
TEST RFM18NO08 RFP18N08 
SYMBOL | CONDITIONS RFM18N10 RFEPisnio —_—| UNITS 


| MIN. | MIN. | MAX. | 
a ee ee ee ee 


Reverse Recovery Time die iaci00 A/us 150(typ) 150(typ) Sons | 


*Pulse Test: Width < 300 us, duty cycle < 2%. 


CHARACTERISTIC 
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RFM18N08, RFM18N10, RFP18N08, RFP18N10 


CASE TEMPERATURE (Tc) =25 °C # 


|| (CURVES MUST BE DERATED 
6 | LINEARLY WITH INCREASE IN 
| TEMPERATURE ) 


DRAIN CURRENT (Ip) 


| 10 100 1000 
DRAIN-TO-SOURCE VOLTAGE (Vos) -V 


92CM- 36150R1 


Fig. 1 — Maximum operating areas for all types. 
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ee oe 
= a 7 
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a 
iv) 
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100 
= TEMPERATURE (To) — °C JUNCTION TEMPERATURE (Ty)—*C 
92CS-34818 92CS- 34815 


Fig. 2 — Power dissipation vs. case temperature derating curve 


for all types. Fig. 3 — Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 


Vpsz!OV 
PULSE TEST: 


eas 
HTT T.#25 


rs} 
gra 
a6 
Oe 
58 
ro 
zy 
< 
as 
OF 
on 
Ni 
Ts 
sz 
zo 
° 

z 


ON- STATE DRAIN CURRENT [Ip(on)]—A 


50 
JUNCTION TEMPERATURE (Tj) —°C GATE-TO-SOURCE VOLTAGE (Vgg) —V 
92CS- 36180 
92CS-36149 
Fig. 4 - Normalized drain-to-source on resistance to junction tem- Fig. 5 — Typical transfer characteristics for all types. 


perature for all types. 
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RFM18N08, RFM18N10, RFP18N08, RFP18N10 


<= 
| 
a 
a w H 
$ $ z 
3 WY |, 2 : 
> { 4 
z 
o 4 
me H PULSE TEST 
H PULSE DURATION=80uS 
H DUTY CYCLE < 2% 
CASE TEMPERATURE (Tc)=25% 
Ig (REF) en Ig (REF) 
IatACN 'el4en) DRAIN -TO-SOURCE VOLTAGE (Vp) —V 
TIME — Microseconds oCR seas 92CS-36146 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 
Refer to Harris application notes AN-7254 and AN-7260. 
i) 
2 E 
5 iy 
| wl ” 
3 So 
2 % zs 
= | < 
¥ S =< o 
Z ul O wi 
a oO 
a - = 
z = © 
5 < Q. 
WwW < 
id esessseesseses ° 
=) eceses 
fo} 
‘i 
2 
2 Ves! 
a tt PULSE DURATION = 80uS 
& = DUTY CYCLE < 2% 
10} 10 20 30 40 50 60 70 
DRAIN CURRENT (Ip) —A DRAIN-TO-SOURCE VOLTAGE (Vpg) —V 
92CS-36144 92CS-36143R1 
Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 — Capacitance as a function of drain-to-source voltage for 
drain current for all types. all types. 
iS 2 so. 5:52 
E tH Hes 
| pees 
BIOL t eeces ass cast nenct secezozecsszecs sesss ess: a 
w LESH THERES RREEE “aoe EHH P”— D 
z sia idl faaes SIE . TO SCOPE 
: sesseyee zs 
: aie | 2 
a ba6 a t - 
i = iat ae Peereaerspeetteteite | KELVIN 
z Fai ieee ait SSS et Eee obese CONTACT 
™ eT Bhd tt oo oH essnes: es 
Gaye eas ce ate eee cesta | 
2 22s eee 
a Sctesteees cossesuenccsces sees ces tecsssstestcess cases 
pete HH Bren HE ais ERE Aeiss See ieee | 
(snoeccescssen: segee ! i es +4 H HTH HH oe 
sites SEES HERE SESE iss Di tk ou Lot nnd Caiceael a. 92CS-37362 
) 2 4 6 8 Te) 12 14 ~ 
DRAIN CURRENT (Ip)-A 
92CS -36145 . . F ; : ; 
Fig. 10 — Typical forward transconductance as a function of drain Fig. 11 — Switching Time Test Circuit 


current for all types. 
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w@ HARRIS RFP22N10 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors (MegaFETs) 
Features Package 
TO-220AB 
* aby BED TOP VIEW 


* rDS(on) = 0.0802 
e UIS SOA Rating Curve (Single Pulse) 


e SOA is Power-Dissipation Limited 
DRAIN aie 


e Nanosecond Switching Speeds (FLANGE) [> SOURCE 
e Linear Transfer Characteristics | Le GATE 
e High Input Impedance 
© 175°C Operating Temperature 
Description Terminal Diagram 
The RFP22N10 n-channel power MOSFETs is manufactured using N-CHANNEL ENHANCEMENT MODE 
the MegaFET process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum D 
utilization of silicon, resulting in outstanding performance. The 
RFP22N10 was designed for use in applications such as switching 
regulators, switching converters, motor drivers, relay drivers, and 
emitter switches for bipolar transistors. This transistor can be 
operated directly from integrated circuits. G 
The RFP22N10 is supplied in the JEDEC TO-220AB plastic | 
package. | 
Ss 
Absolute Maximum Ratings (Tc = +250°C), Unless Otherwise Specified 
RFP22N10 UNITS 

Dra SOUree VONAGE scaci scans cdusnennencaenexnd ba eenerscemun os Voss 100 V 
Drain-Gate Voltage (Rae = MED) wcccsanccccnensasecacunanantins VDGR 100 V 
COnMMUGUS Oia GUNOct i ccdcdesaetosnressdeaciexceedeeed sanewns Ip 22 A 
Pulsed Drain Currents viscscckcsacen ree eRe CERRO OR DRO RRR BOK Rae IDM 50 A 
SaeSOUGCS VONAGE hse ceceececincnssecesdnetarnetacHeesesarane Ves +20 V 
Maximum Power Dissipation 

Te gorcaca eenca dou nies car opasseneneaeecacmed hewtanneae Pp 100 Ww 

Dordted ADOVG Tg = 25% can cvsaccdaxavedverawsdond ned eens une nas 0.67 W/°C 
Operating and Storage Junction Temperature Range............ 1 TST6 -55to +175 oC 


Single Pulse Avalanche Rating, Refer to UIS SOA Curve 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFP22N10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T-)=25°C unless otherwise specified: 


CHARACTERISTIC TEST CONDITIONS ae 


Vps=80 V, Ves=0 V 
Gate-Source Leakage Current less 
Static Drain-Source On Resistance ros(on) 
Turn-On Time t(on) 
Turn-On Delay Time ta(on) Vpp=50 V, Ip=11 A 


v= lee". A 


Turn-Off Delay Time ta(off) 
Ri=4.55 0 
Turn-Off Time (See Fig. 12) 

es=0 to 20V 


Ves=0 to 10V 
Q,(th) Ves=0 to 2V 
V (plateau) Ip=22 A, Vos=15 V 


Vov=50V, Ip=1 1A, Ri=4.55Q 
L=0.2 HH, Ig1=152=0.6 A 


Thermal Resistance, Junction to Ambient Ragusa 


,) 
th 
7 i 
2» 
=O 
c= 
= 
25 
z 

re) 
a. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS: 


CHARACTERISTIC TEST CONDITIONS elit 


Diode Forward Voltage Vsp Isp=22 A 
Reverse Recovery Time le lp=22 A, dire/dt=100 A/us 


ii CASE TEMPERATURE (TC)=25degC 
_— S= ==> 
neil me a S23) ae on ai . 
ee fe I | 
amax coymnuoys) | | tt | 
tela ETI 
= —— P— t+ — FY oe ir —s =a 
= = Se aemaee a od 
Ww OPERATION IN [HIB | | Hy ard. 
; abe tS 
2 See ee | || 
zt | TTT N 
Sse es a 
ee od 
ame to 
o 10 100 
DRAIN-TO-SOURCE VOLTAGE (Vds)-V 
TIME IN AVALANCHE (tav) - MILLISECONDS 
Fig. 1 - Safe-operating-area curve. (Curves must be derated Fig. 2- Unclamped-inductive-switching safe-operating-area curve. 


linearly with increase in temperature. ) (Single pulse UIS SOA). See Fig. 13 for test circuit. 
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RFP22N10 


DRAIN CURRENT (Ips) - A 
POWER DISSIPATION MULTIPLIER 


25 50 75 100 125 150 175 
CASE TEMPERATURE (TC)-degC 
CASE TEMPERATURE (Te) - °C 
Fig. 3 - Maximum continuous drain current vs. temperature. Fig. 4 - Normalized power dissipation vs. temperature 


derating curve. 


-55degC 25degC 175degC 


PULSE DURATION=250us Tc=25degC 
Vds=15V 


DRAIN CURRENT (Id)-AMPS 
ON-STATE DRAIN CURRENT [id(on)] - A 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 


GATE-TO-SOURCE VOLTAGE (Vgs)-V 


Fig. 5 - Typical saturation characteristics. Fig. 6 - Typical transfer characteristics. 


PULSE DURATION=250us Vgs=10V Id=22A Vgs=Vds Id=250uA 


nn 
-) 


3.0 


i) 
a 


1.00 


9 


(Vgsith)] 


0 


NORMALIZED Rdslon) 


.25 


NORMALIZED GATE THRESHOLD VOLTAGE 


JUNCTION TEMPERATURE (Tj)-degC JUNCTION TEMPERATURE (Tj)-degC 


Fig. 7 - Normalized rps(on) vs. junction temperature. Fig. 8 - Normalized gate threshold voltage. 
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RFP22N10 


CRSS CISS COSS 


\d=250uA 
2.00 


1.50 


— 
0 50 100 


=50 


TANCE (C)-pf 


=] 


CAPA 


NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss)-V 
S 


150 200 
JUNCTION TEMPERATURE (Tj)-degC 0 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 


Fig. 9 - Normalized drain source breakdown voltage vs. Fig. 10 - Typical capacitance vs. voltage. 
temperature. 


Vos 


VARY t, TO OBTAIN t 
REQUIRED PEAK I ~ 
-_Ypo w” 
tu 
onl 
10 rom 0 ee. 
GATE RL=4.55 OHMS Vgs 9 ‘ — O 
SOURCE lgREF= 1.0mA Zo 
. Vgs=10V = = 
75 . . P ‘ =x [8 a 
Switching Test Circuit 9 Ww 
i) Vdd= Vdss Vdd= Vdss 9) = > 
K : oO 
7 5 a. 
2 50 5 > BYossS 
s 
$ > 
25 
DRAIN-SOURCE VOLTAGE 
0 Sees wa ~~ 1 _\\No 
Ig(REF) ae Ig(REF) 
20;jacT) —TIME-MICROSECONDS igACT 
Switching Waveforms 
Fig. 11 - Normalized switching waveforms for constant gate-current. Fig. 12 - Resistive switching. 


Refer to Harris application notes AN-7254 and AN-7260 


Vos 


VARY t, TO OBTAIN y 
REQUIRED PEAK I,s ais 


RG 


Vgs »> Fe 


UIS Test Circuit UIS Waveform 


Fig. 13 - Unclamped-inductive-switching test. 
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io} HARRIS 


August 1991 


Features 

e 25A, 50V 

* rDS(on) = 9.0472 

e UIS SOA Rating Curve (Single Pulse) 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 

© 175°C Operating Temperature 


RFP25N05 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) | 


Package 
TO-220AB 
TOP VIEW 
ence => SOURCE 
———— ee DRAIN 
| > GATE 


Description Terminal Diagram 

The RFP25NO05 n-channel power MOSFETs is manufactured using N-CHANNEL ENHANCEMENT MODE 
the MegaFET process. This process, which uses feature sizes 

approaching those of LSI integrated circuits, gives optimum D 


utilization of silicon, resulting in outstanding performance. The 
RFP25NO05 was designed for use in applications such as switching 
regulators, switching converters, motor drivers, relay drivers, and 
emitter switches for bipolar transistors. This transistor can be 


operated directly from integrated circuits. G 
The RFP25NO5 is supplied in the JEDEC TO-220AB plastic 
package. 
Ss 
Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 
RFP25NO05 UNITS 

Drain-Source VONAge os s2cus vec nswes ds cde ves Cease Rew e CTT A ET HR; Vpss 50 V 
Drain-Gate Voltage (RES = IMD) 6 occ ss cae ccs cascassesenesassaus VpDGR 50 V 
COMUAICUS DGG CANON in ie:t00 es nwe ae wad we tenance dav cee bah eee Bee ID 25 A 
PUISEG DIA) CUMEIE 0s css nn ine excew ee ced eee Sa eee nea we BEN KEE OE Oo IDM 65 A 
ale=-SOurCe VOUROE 65 cc0.o0 5646660900005 eee tends essen nee eas news Ves +20 V 
Maximum Power Dissipation 

TEP EENG ine seer ans ew une px i00. 59 ved Cae webne abe ok aeasew Ges was Pp 72 WwW 

Deralod Above 1 S 25°C « cic cesawse sad 60 da cannes sion oxo obs bas cues 0.48 W/°C 
Operating and Storage Junction Temperature Range............ Ts Teta -55 to +175 oC 
Single Pulse Avalanche Rating, Refer to UlIS SOA Curve 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 1 P, 1 
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Specifications RFP25N05 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTICS SYMBOL TEST CONDITIONS |} MIN | TYP | MAX | UNITS 
Drain-Source BVpss Ip =0.25mA, Ves = OV Vv 
Breakdown Voltage 
Gate Threshold VGS\(th) Ves= Vps V 
Voltage Ip =0.25mA 


Drain Current 

To =+150°9C pA 
Gate-Source Vas = +20V 
Leakage Current 
On Resistance Ip = 25A, Vas = 10V 
Turn-On Time Vopb = 25V, Ip = 12.5A 
Turn-On Delay Time RL = 20 
Rise Time Ig1 =IGg2=0.5A 
Turn-Off Delay Time VGS(clamp) = +10V, -0.6V 
Fall Time 
Turn-Off Time 


Total Gate Charge VGs =0- 20V 
Gate Charge at 10V V@s =0-10V 
Threshold Gate Charge Vas =0 - 2V 


Plateau Voltage Ip = 25A, Vos = 15V 


Turn-Off Energy Vop = 25V, Ip = 12.5A,1G1 =IqG2 =0.5A 
Loss per Cycle VGS(clamp) = +10V, -0.6V, L = 0.2yH, 
Rp =20 


Thermal Resistance 
Junction to Case 


N-CHANNEL 
POWER MOSFETs 


Thermal Resistance Diode 
Junction to Ambient 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Vsp Isp = 25A 
ter lf = 25A, dl¢/dt = 100A/us 


100 


Forward Voltage 


Reverse Recovery Time 


Ias - AMPS 


PUT TT IT 
PTI OT TT TT 
Se ee ee 


DRAIN CURRENT (Id) - AMPS 


e | e e e 
DRAIN-TO-SOURCE VOLTAGE CVde) - VOLTS sores TIME IN AVALANCHE (tav) - MILLISECONDS  — yrooenos 


FIGURE 1. SAFE-OPERATING-AREA CURVE (CURVES FIGURE 2. UNCLAMPED -INDUCTIVE-SWITCHING SOA 
MUST BE DERATED LINEARLY WITH INCREASE (SINGLE PULSE UIS SOA) 
IN CASE TEMPERATURE) 
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RFP25N0O5 


Performance Curves 


DRAIN CURRENT (Id) - AMPS 


125 
CASE TEMPERATURE (Tc) - degC 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT VS. 
TEMPERATURE 


50 75 100 
TD26N06 


PULSE DURATION=80us Tc=25degC 


65 


DRAIN CURRENT (Id)-AMPS 


DRAIN TO SOURCE VOLTAGE Wds) V 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


PULSE DURATION=250us Vgs-!0V Id=25A 


NORMALIZED RdsCon) 


50 100 150 
JUNCTION TEMPERATURE (TJ) - degC 


200 
ROS26N05 


FIGURE 7. NORMALIZED rpsion) VS. JUNCTION 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


ON-STATE CURRENT CId(€on)] - A 


NORMALIZED GATE THRESHOLD VOLTAGE 
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“Oo 25 50 75 100 125 150 175 
CASE TEMPERATURE (Tc) - degC caused 
FIGURE 4. NORMALIZED POWER DISSIPTION VS. 
TEMPERATURE DERATING CURVE 
VDD=16V 


10 Pulse Test 
Pulse Duration=250us 
Duty Cyucle=.5% MAX 


10.0 
VGS26N05 
FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


2.5 5.0 7.5 
GATE-TO-SOURCE VOLTAGE (Vgs) - V 


Vge-Vde_ Id=250uA 
1.50 
1.25 
1.00 
5 
20.75 
2] 
oO 
= 
0.50 
0.25 
0.00 
-50 0 50 00 150 200 
JUNCTION TEMPERATURE (TJ) - degC gyorg 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE 


RFP25N0O5 


Performance Curves (Continued) aia — — 


Vgs=0V FREQUENCY (fl=1MHz 


2.0 Id=250uA 2000 

wm 
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"-50 0 50 100 150 200 
JUNCTION TEMPERATURE (Tj) - degl — pypengs SOURCE-TO-DRAIN VOLTAGE (Vsd)-V 
FIGURE 9. NORMALIZED DRAIN-TO-SOURCE FIGURE 10. TYPICAL CAPACITANCE VS. VOLTAGE FOR 
BREAKDOWN VOLTAGE VS. TEMPERATURE ALL TYPES 
50.0 


RL = 2.02 
Ig(REF) = 0.6 mA 
Ves = 10 Vv 


37.5 


25.0 


Vps— VOLTS 
Vgs—VOLTS 


12.5 


= Ig (REF) Ig (REF) ’ 


IG(ACT) time—microseconpos _ 'G(ACT) 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE-CURRENT. 
(REFER TO HARRIS APPLICATION NOTES AN-7254 AND AN-7260) 


VoD 
Rv 
Vos 
Te, 21 
a a DUT 
0 GATE CURRENT 
10V 
IN5240B 
SWITCHING TEST CIRCUIT SWITCHING WAVEFORMS 


92CS-42922 


FIGURE 12. RESISTIVE SWITCHING 
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Performance Curves (Continued) 
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FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT 
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FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 
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RFH25N18 
RFH2Z5N20 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


at HARRIS 


Features Package 
¢ 25A, 180V and 200V 
* rps(on) = 0.150 


TO-218AC 
TOP VIEW 


¢ SOA is Power-Dissipation Limited DRAIN a? SOURCE 
¢ Nanosecond Switching Speeds = DRAIN 


e Linear Transfer Characteristics ja Wa 


© High Input Impedance 
e Majority Carrier Device 


e High-Carrier, Low-Inductance Package 


Description Terminal Diagram 
The RFH25N18 and RFH25N20 are n-channel enhancement- N-CHANNEL ENHANCEMENT MODE 
mode silicon-gate power field-effect transistors designed for 2 
applications such as_ switching regulators, switching D _y Ww 
converters, motor drivers, relay drivers, and drivers for w 7} 
high-power bipolar switching transistors requiring high speed =O 
and low gate-drive power. These types can be operated direct- = oe 
ly from integrated circuits. “ Oo = 
The RFH-types are supplied in the JEDEC TO-218AC plastic = 3 
package. a. 
Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
RFH25N18 RFH25N20 UNITS 

Dia SOWCS VOUEGS ccss vowed sacecuss Karen nes naned aed sens Voss 180 200 V 
Drain-Gate Voltage (REGS = 1MDD) ...c.cesessccevsevarncucas VDGR 180 200 Vv 
Continuous Din CUMS: oii nscscweees tne cewssentasanwonewss Ip 25 25 A 
Pulsed Drain Curent :cccccvcscenvnes eocee receiv ease eenney ann IDM 60 60 A 
Gate-SOuree VORAGS cock ciscccagcevasnswncteeruseneen ones Ves +20 +20 V 
Maximum Power Dissipation 

Te Fe nkaind cnekenst vAW andeasesew nba Kedwakeaneanawes Pp 150 150 W 
Linear Darang FaeiOts cecaisstwarcen taneuncsadtcnesenmensequxer 1.2 1.2 W/°C 
Operating and Storage Temperature .............. econ Ty TSTG -55 to +150 -55 to +150 oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 631 1 


Copyright © Harris Corporation 1991 
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Specifications RFH25N18, RFH25N20 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 
TEST 


CHARACTERISTIC SYMBOL | CONDITIONS Sa UNITS 


Drain-Source Breakdown BVoss ln=1mA TTT 
ee SL 
Gate Threshold Voltage Ves(th) Ves = Vos pF fe py 
Current Vos = 160 V — 1 
MA 


Tc = 125°C 
Vos =145V 
Vos = 160 V 


Gate-Source Leakage Ves=t20V a 
Drain-Source On Voltage Vos(on)@ Ip=12.5A 1.875 1.875 
aoe tt, 


Static Drain-Source On rps(on)@ = 
Resistance 
Forward Transconductance tems ToT 


Input | Input Capacitance | on 


fis tine In=12.5A | 150(typ) | 225 | 150(typ) | 225 | | 
Rer"Ros=609 ns | 
CFalTime Vos=10V | 120(typ) | 200 | 120(typ) | 200 | | 


Fall Time Resistance —— RFH25N18, 
Junction-to-Case RFH25N20 0.83 0.83 °C/W 
Series 


@Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Diode Forward Voltage . Isp = 12.5A 
Reverse Recovery Time lp = 4A, dir/dt = 100 A/yus 300 (typ.) 300 (typ.) 


* Pulse Test: Width < 300 ws, Duty cycle < 2%. 
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RFH25N18, RFH25N20 


CASE TEMPERATURE (Te) = 25°C 

- (CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
Lier niin rele 


XX 
Sze. Dah SES 
z+OP 


| LIMITED BY 


COLLECTOR CURRENT (Ip)— A 


RFH25N18 } 
ee = 


rari muniaee oe HH Hy Pt 00 cumaauen 


4 6 8 2 Sty 2 4 6 8 


DRAIN -TO-SOURCE VOLTAGE (Vps) — V 
92CS-38777 


Fig. 1 - Maximum safe operating areas for all types. 
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POWER DISSIPATION (P7)— W 
NORMALIZED GATE THRESHOLD VOLTAGE 


=50 10) 50 100 150 200 
CASE TEMPERATURE (Tc)— °C JUNCTION TEMPERATURE (Tj) —°C 
92CS- 37138 S$2CS-37159 
Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction temperature for all types. 


Vos* lOoV 
PULSE TEST 


PULSE DURATION =80yS 
DUTY CYCLES 2% 
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° 
2) 
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lnmceil 


pe 


ae 
[| 
ON-STATE DRAIN CURRENT [Ip(on)]—A 


NORMALIZED DRAIN- TO-SOURCE ON RESISTANCE 


JUNCTION TEMPERATURE (Ty) —°C GATE - TO - SOURCE VOLTAGE (Vgs) — V 
92CS-37160 92CS- 37161 
Fig. 4- Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFH25N18, RFH25N20 


PULSE TEST 
60| PULSE DURATION=80 nS 
DUTY CYCLES 2% 


Volts 


Vos 
Vos — Voits 


E vgs *+6 V: 


DRAIN CURRENT (Ip)—A 


Ig (REF) Ig (REF) 


207Qacn 80 Sach DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
TIME — Microseconds orewsi6e3 92CS- 37163 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260 


FREQUENCY (f) = 1 MHz 


[Poston — ohms 


uw 
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DRAIN TO SOURCE ON RESISTANCE 


10 20 30 40 50 60 70 
DRAIN CURRENT (Ip)—A , DORAIN-TO-SOURCE VOLTAGE (Vgs)—V 
92CS- 37164 92CS-37165 
Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage for 
drain current for all types. all types. 
Vos =+l10V 82 


PULSE TEST 
4] PULSE DURATION = 80 nS 


DUTY CYCLE $ 2%: 7774 
TTA 


Vp 
TO SCOPE 


= Yop x 


KELVIN 100 Vv 


CONTACT 
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re) 2 4 6 8 io 12 4 #16 18 = 92CS- 37382 
DRAIN-TO-SOURCE CURRENT(Ip)—A 
92CS- 37166 
Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 


current for all types. 
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i? HARRIS RFK25N18 
RFK25N20 


N-Channel Enhancement-Mode 


May 1992 Power Field-Effect Transistors 
Features Package 
TO-204AE 
e 25A, 180V and 200V TOP VIEW 
® rps(on) = 0.152 
© SOA is Power-Dissipation Limited SOURCE = 
J (FLANGE) 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics O Ay O 
e High Input Impedance 
GATE 
e Majority Carrier Device 
Description 
The RFK2SN18 and RFK25N20 are n-channel enhancement- Terminal Diagram 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching N-CHANNEL ENHANCEMENT MODE 
converters, motor drivers, relay drivers, and drivers for Pa 
high-power bipolar switching transistors requiring high speed D TT 73 
and low gate-drive power. These types can be operated direct- 2 YW) 
ly from integrated circuits. a 2 
The RFK-types are supplied in the JEDEC TO-204AE steel © wt 
package. G z=: 
re) 
a. 
S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFK25N18 RFK25N20 UNITS 
Dra SOUrCe VONSOS 10 sos sanne5e she seeenevncesceas se onanes Voss 180 200 V 
Drain-Gate Voliage (REGS = 1MO)) . 2.00 cncnxvesneees essences VDGR 180 200 Vv 
Continuous Drain Current 
VEO PEs! « inmaenr awn eke nehesas era ke basses oednedan wu es Ip 25 25 A 
Pulsed Drain Current s ccc cscs ccusa nent neves ees ceaneana mens IDM 60 60 A 
Sate-Source VOUEGS cc ccs ssc enase cer es coe ven nee eRe ee wes VGs £20 +20 V 
Maximum Power Dissipation 
TSAO 2 canvases xnseed nx bun eh ord acear txt wetenaeunese Pp 150 150 Ww 
Linéar Dera Paco? s< sca sctcvesd sccoesyeiees eeeshawene eens dee 12 W/°C 
Operating and Storage Temperature ..............ceeeee Ty 1STG -55 to +150 -55 to +150 oC 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 500.2 


Copyright © Harris Corporation 1992 
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Specifications RFK25N18, RFK25N20 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 


a LIMITS 
CHARACTERISTICS SYMBOL | conpitions |__RFK25N18 
7 |e] 


Drain-Source Breakdown Voltage BVoss lp>=1 MA 
Ves=0 

Gate Threshold Voltage Ves(th) Ves=Vos 

Ip=1 mA 


Zero Gate Voltage Drain Current Vos= 145 V 
Vos= 160 V 
Tc=1 25° 
Vps=145 V 
Vps=160 V 


Drain-Source On Voltage Vps(on)* Ip=12.5A 
Voes=10 V 


Static Drain-Source On Resistance 
Forward Transconductance 


‘ 
| — | 900 | 
| — | 400 | — | 400 | 
Voo=100V —|_40(typ) | 80_—| 40(typ) | 80 
Ip=12.5 A 
Reen*Ros=50 | 300(typ)| 400 | 300(typ) | 400_| 
Ves=10 V 
Thermal Resistance 


Junction-to-Case A 0.83 °C/W 


“Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


LIMITS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
TEST 
CONDITIONS 


| MAX. _| 
| ts125A | — | 14 | ~ | 14 | v_| 


mwas rucomy tine |» | ayaistaye | smn | moan | 


*Pulse Test: Width < 300 ws, duty cycle < 2%. 


CHARACTERISTIC 
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RFK25N18, RFK25N20 


Saads sestsiess Seas eect ste woos sacs 


SESE CASE TEMPERATURE (Tc) = 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
TEMPERATURE) 


COLLECTOR CURRENT (Ip)— A 
TEPER 


He RFK25NI8 


2 4 6 8 2 4 2 4 6 8 


DRAIN -TO-SOURCE VOLTAGE (Vps) ey 
92CS-37157RI 


Fig. 1 — Maximum Safe operating areas for all types. 
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POWER DISSIPATION (P7)— W 
NORMALIZED GATE THRESHOLD VOLTAGE 
[Ves(th)] 


CASE TEMPERATURE (Tc)— °C JUNCTION TEMPERATURE (T)) —°C 
92CS-37159 
92CS- 37158 
Fig. 2 — Power vs. temperature derating curve for all types. Fig. 3 — Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 
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PULSE TEST 
PULSE DURATION=80 4S 
DUTY CYCLES 2% 
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ON-STATE DRAIN CURRENT [Ip(on)]|—A 


NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 
oO 


JUNCTION TEMPERATURE (Ty) —*C GATE -TO - SOURCE VOLTAGE (Vgs) SHV 
92CS- 37161 
92CS-37160 
Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 


temperature for all types. 
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RFK25N18, RFK25N20 
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TIME — Microseconds 92CS-37663 


Fig. 6 - Normalized switching waveforms for constant gate-current. 


Refer to Harris application notes AN-7254 and AN-7260 
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DRAIN TO SOURCE ON RESISTANCE 
[rogion - ohms 


DRAIN CURRENT (Ip)—A. 
92CS- 37164 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 


DRAIN CURRENT (Ip)—A 


f) ' 2 3 4 5 6 7 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


92CS- 37163 


Fig. 7 — Typical saturation characteristics for all types. 


FREQUENCY (f) = 1 MHz 
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Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 — Switching Time Test Circuit 


HARRIS RFH3ON12 
RFHS3SON15 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


uD 


Features Package 
e 30A, 120V and 150V 
® rps(on) = 0.07522 


TO-218AC 
TOP VIEW 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 

e Majority Carrier Device 


e High-Carrier, Low-Inductance Package 


Description Terminal Diagram 


The RFH30N12 and RFH30N15 are n-channel enhancement- N-CHANNEL ENHANCEMENT MODE 
mode silicon-gate power field-effect transistors designed for 

applications such as_ switching regulators, switching D 

converters, motor drivers, relay drivers, and drivers for 

high-power bipolar switching transistors requiring high speed 

and low gate-drive power. These types can be operated direct- 

ly from integrated circuits. 


The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 
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Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


RFH30N12 RFHSON15 


Drain-Source Voltage 120 150 
Drain-Gate Voltage (RqGs = 1M) 120 150 
Continuous Drain Current 30 30 
Pulsed Drain Current 100 100 
Gate-Source Voltage +20 +20 
Maximum Power Dissipation 

To = +25°9C 150 150 
Linear Derating Factor 12 1.2 
Operating and Storage Temperature -55 to +150 -55 to +150 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 633.1 
Copyright © Harris Corporation 1991 
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Specifications RFH30N12, RFH30N15 
ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC 


Drain-Source Breakdown ln=1mMA 120 150 
Gate Threshold Voltage Ves(th) Ves = Vos 2 4 2 


Zero Gate Voltage Drain 


Current 


MA 


0.075 Q 


oO 
= 
= 
.@) 


a 
oO 
oO 


malt 

=" 

Nh 

on 
< 


Ww 
oO 
i=) 
oO 


— 


On-State Gate Voltage Vas(on)4 Vos = 5 V 
In=15A 
ln = 30A 2.65 
Ves = 10 V 
Input Capacitance Ciss 
Turn-On Delay Time ta(on) Vos=75V | 75(typ) 75(typ) 115 
Fall Time Ves=10V | 250(typ 250(typ) | 375 


Gate-Source Leakage Ves=+20V 
Current Vos = 0 
Vos = 10 V 10 
Ip = 30 A 
Drain-Source On Voltage Vps(on)@ IDb=15A 1.125 
Ves=10V 
Static Drain-Source On 'ps(on)@ IDb=15A 
Resistance Ves = 10V 
Forward Transconductance gts Vos = 10 V 10 
IDb=15A 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss 
Rise Time ID=15A 420(t 630 420(t 63 
TRiseTime ye) | 630 | 420(typ) | 630 | 
Turn-Off Delay Time ta( off) Rgen=Rgs=50Q | 300(typ 300(typ) | 450 
Thermal Resistance R@ic RFH30N 12, 
Junction-to-Case RFH30N15 0.83 °C/W 


= 


So 
o 
) 


Series 


@Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


Diode Forward Voltage Vsp * Isp = 15A p— faa f — | te | 
Reverse Recovery Time Tis le = 4A, dir/d: = 100 A/yus 200 (typ.) 200 (typ.) 


* Pulse Test: Width < 300 us, Duty cycle < 2%. 


CHARACTERISTIC TEST CONDITIONS 
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SLAASOW YAMOd 


TANNVHO-N 


92CS- 36250 


GATE-TO- SOURCE VOLTAGE (Vgg)-V 
Typical transfer characteristics for all types. 


RFH30N12, RFH30N15 
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JUNCTION TEMPERATURE (Ty )-°C 


36249 


92cs- 


Fig. 5 - 


Fig. 4- Normalized drain-to-source on resistance to junction 


temperature for all types. 
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RFH30N12, RFH30N15 


PULSE TEST 
PULSE DURATION = 80 us 
DUTY CYCLE < 2% 


V2 5 
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z ~ | 
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0.25 Voss > x 
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33 5 ra 
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a 4 ee 
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; : : betty 
_ GinEn aa thE ! 2 a 
Ig (ACT) Ig (ACT) DRAIN- TO-SOURCE VOLTAGE (Vps) — V 
TIME — Microseconds 92C$37657 
92CS-36252 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage for 
drain current for all types. all types. 
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Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 


current for all types. 
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RFK3ON12 
RFK30N15 


N-Channel Enhancement-Mode 


it HARRIS 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-204AE 
e 30A, 120V and 150V TOR ve 
® rps(on) = 0.07522 
¢ SOA is Power-Dissipation Limited SOURCE pclae 
is Power-Dissipation Limite J (FLANGE) 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics O > O 


e High Input Impedance é 
ATE 
e Majority Carrier Device 


Description 


The RFK30N12 and RFK30N15 are n-channel enhancement- | Termijna/ Diagram 
mode silicon-gate power field-effect transistors designed for 


applications such as_ switching regulators, switching N-CHANNEL ENHANCEMENT MODE ” 
converters, motor drivers, relay drivers, and drivers for 7 7 
high-power bipolar switching transistors requiring high speed D Lu a 
and low gate-drive power. These types can be operated direct- = re) 
ly from integrated circuits. < = 
c 
The RFK-types are supplied in the JEDEC TO-204AE steel 9 = 
package. G oe 5 
QO. 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFK30N12 RFK3ON15 UNITS 

RAB OUICO VONENG svc csventenn bse bectwis sas ctewneesoens Voss 120 150 V 
Drain-Gate Voliage (AGS = 1M) «ccc ce nesaeecasnsmeein anes VDGR 120 150 V 
Continuous Drain Current 

V6 S20, wcccesnciersnaveninn nee ie oan we sendnnwne ce cenaien Ip 30 30 A 

Pulsed Oia CUE « 6s-0ck ane se bee debeceseeasereends eens IDM 100 100 A 
GIS SOUNCE VONAGE ai cn nstencwaeedew ans Setnes oN ane Ese ae Vas +20 +20 V 
Maximum Power Dissipation 

TE BAIS ccccedns te sepseece yes base ben keews een eames Pp 120 120 W 
Linear Derating Factot ss vse evans conws Siecs den enenasee ane seenaes 12 1.2 W/°C 
Operating and Storage Temperature ......... cece eee eee Ts Ist) -55 to +150 -55 to +150 OC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 455.1 
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Specifications RFK30N12, RFK30N15 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 
LIMITS 


CHARACTERISTIC SYMBOL Lisa 


Gate Threshold Voltage Ves(th) Vas=Vos of fe a V 
nee | a ee 
Zero Gate Voltage Drain Current Vos= 100 V pele he! 
Tc=125° 
Ma janene 
Vpos=120 V 
“veo | | | | 
Ls 0 
Drain-Source On Voltage me | vaeoy | |" 1.125 Te 
=. 10 V 
Ves=10V 
Static Drain-Source On Resistance ros(on) Ip=15A eam = 0.075 
To —[ wer | Se Ts er 
Forward Transconductance Vpos=10 V 
foie A Be el a el 


CONDITIONS 


Input [InputCapacitance i: ae | — | 3000 | — | 3000 | 
T2009 [= 7200] oF 
“ime _[7= [500 [= 500 — 
Voo=75V 
In=15 A 
ett Paes 
fFallTime Vas=10 V 


at Time Resistance RFK30N12, 
Junction-to-Case RFK30N15 Series 0.83 °C/W 


®Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


TEST 


CHARACTERISTIC CONDITIONS 


SYMBOL 


Diode Forward Voltage | Vso | Isp 15 A Isp=15 A 


lr=4 A 
Reverse Recovery Time | & | die/d=100 A/ys 200(typ) 200(typ) 


*Pulse Test: Width < 300 us, duty cycle < 2%. 
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RFK30N12, RFK30N15 
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JUNCTION TEMPERATURE (Tj)—°C 


of junction temperature for all types. 


Fig. 3 - Typical normalized gate threshold voltage asa function 
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Fig. 5 - Typical transfer characteristics for all types. 
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92CS- 36249 


Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 
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—— aie 

1g (ACT) Ig (ACT) 
TIME — Microseconds 92C$-37657 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 


4-722 


PULSE TEST 
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Fig. 7 - Typical saturation characteristics for all types. 


CAPACITANCE (C)—pF 


10 20 30 40 
DRAIN-TO-SOURCE VOLTAGE (Vp<)-V 
92CS- 36254 Ri 


Fig. 9 - Capacitance as a function of drain-to-source voltage 
for all types. 
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Fig. 11 — Switching Time Test Circuit 


i HARRIS RFH35NO08 
RFH35N10 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features Package 
¢ 35A, 80V and 100V 
® rps(on) = 0.05520 


TO-218AC 
TOP VIEW 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


© High Input Impedance 
e Majority Carrier Device 


e High-Carrier, Low-Inductance Package 


Description Terminal Diagram 
The RFH35N08 and RFH35N10 are n-channel enhancement- N-CHANNEL ENHANCEMENT MODE “ 
mode silicon-gate power field-effect transistors designed for i 
applications such as_ switching regulators, switching D 7 - 
converters, motor drivers, relay drivers, and drivers for >a rs 
high-power bipolar switching transistors requiring high speed < s 
and low gate-drive power. These types can be operated direct- re 
ly from integrated circuits. as Z S 
The RFH-types are supplied in the JEDEC TO-218AC plastic 4 
package. 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFH35N08 RFH35N10 UNITS 

Drain SOUS VONEOG .56.cascckcastasesceceeneedeson ewan gan Voss 80 100 V 
Drain-Gate Voltage (RGS = IMM.) ......... cece cece eeceens VDGR 80 100 V 
Continuous Dralt Curent. ci ccsccasecscctess cscdssasasinnvins Ip 35 35 A 
Pues Drei CANTO 5 ses irade ced oe accumeae aren ndcececeens IDM 100 100 A 
Gate-Source VONAGS csc ciccteecdsvavdaves eed een sawcn ness Ves +20 +20 V 
Maximum Power Dissipation 

TE @AQSG oc ceencasvsiesavedssssensensess ses weseescunss Pp 150 150 WwW 
Linder Derating PaRIOG socio vee vie od ce eencds seeseeereseciounena 12 12 W/°C 
Operating and Storage Temperature ...............0000. Td) (STG -§5 to +150 -55 to +150 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 63 4.1 
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Specifications RFH35N08, RFH35N10 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS | 
TEST | 
CHARACTERISTIC SYMBOL | CONDITIONS RFH35N08 | RFHSSNIO UNITS 


Drain-Source Breakdown BVopss lIb=1mA 100 V 
Gate Threshold Voltage Ves(th) Vas = Vos 2 4 4 V 


Zero Gate Voltage Drain Vos = 65 V 1 — | 
uA |. 

a 50 aan 

IF 


Gate-Source Leakage Ves=+t20V 100 100 nA 
bee Bell bal a al hel bed 
Drain-Source On Voltage Vos(on)@ ID=17.5A 0.963 0.963 | 

a ae ee ae 
IDpb=35A 3.0 3.0 

Static Drain-Source On rps(on)@ Ipb=17.5A 0.055 0.055 Q 

Forward Transconductance Ots® Vos = 10 V 10 10 mho 
Terence tise | | | 

| Cis 


= [=| 3000 [= | s000_| 
[=| 1500 [=| 1500] oF 
[600 | 

In=17.5A | 225(typ) | 450 | 225(typ) | 450 | 


Thermal Resistance R8ic RFH35NO08, 
Junction-to-Case RFH35N10 0.83 0.83 °C/W 
Series 


4Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


Current 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


CHARACTERISTIC TEST CONDITIONS RFH35N08 


Diode Forward Voltage Vsp* Isp = 17.5A Se 
Reverse Recovery Time ter le = 4A, die/d: = 100 A/us 200 (typ.) 200 (typ.) 


* Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


ns 
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RFH35N08, RFH35N70 
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Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 
junction temperature for all types. 
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Fig. 4- Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 
temperature for all types. 
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RFH35N08, RFH35N10 


100 PULSE TEST 


120| PULSE DURATION = 80 uS 
DUTY CYCLE $2% 
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Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 10- Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 
current for all types. 
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i HARRIS RFK35N08 
RFK35N10 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features Package 
¢ 35A, 80V and 100V 
® rps(on) = 0.0552 


TO-204AE 
TOP VIEW 


DRAIN 


e SOA is Power-Dissipation Limited SOURCE / (FLANGE) 


¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
e High Input Impedance 


e Majority Carrier Device 


Description 


The RFK35NO8 and RFK35N10 are n-channel enhancement- | Termina/ Diagram 
mode silicon-gate power field-effect transistors designed for 


applications such as_ switching regulators, switching N-CHANNEL ENHANCEMENT MODE ” 
converters, motor drivers, relay drivers, and drivers for 7 i 
high-power bipolar switching transistors requiring high speed D LJ 77} 
and low gate-drive power. These types can be operated direct- = re) 
ly from integrated circuits. =! = 
c 
The RFK-types are supplied in the JEDEC TO-204AE steel 9 
package. e se re 
ou 
Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
RFK35NO08 RFK35N10 UNITS 

DIGIN“SOUICO VONEGS cians excnnenetnene nes ne saesneeniean ee Voss 80 100 V 
Drain-Gate Voltage (AGS = IM) oascccecesnccnss vaca dawns VDGR 80 100 V 
Continuous Drain Current 

PEs cise sx pen denevoncisesa preesieseanwianeeaies Ip 35 35 A 

PUlseO DIAN GUNG «25. s2cckensweese cen castae newer eee nes IDM 100 100 A 
Gale Source VONAGE ois ic scence cies everoes necneeeese bes ve Vas +20 +20 V 
Maximum Power Dissipation 

TG FCS cians cence cies sanan de 88 Han BNO LEO ERE R ROO Pp 150 150 W 
Linear Demming PACIO a. dsdecs nde de ceveereeasaas eee ed end bonne 1.2 1.2 W/°C 
Operating and Storage Temperature ............eeeeeeee TJ, TSTG =§5 to +150 -55 to +150 oC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications RFK35N08, RFK35N10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25° C unless otherwise specified. 


LIMITS 


__RFK35N08_ | RFK35N10_| UNITS 
_ MIN. | MAX. | MIN. | MAX. 


Drain-Source Breakdown Voltage BVoss lpb=1 mA a 
Ves= 0 
Gate Threshold Voltage Vas(th) Vas=Vps 
Ip=1 mA 
Zero Gate Voltage Drain Current loss Vos=65 V 1 — 
Vps=80 V 
Tc=125°C UA 
Vps=65 V 
Vps=80 V 
Gate-Source Leakage Current lass Ves=+20 V 0 
Vos=0 
Drain-Source On Voltage Vps(on)* Ip=17.5A nar eae 
Ves=10 V y 
Ip=35 A 
Ves=10 V 
Static Drain-Source On Resistance 'ps(on)* Ip=17.5A 0.055 0.055 
Ves=10 V 
Forward Transconductance Vpos=10 V 
Ip=17.5A 


CHARACTERISTICS SYMBOL 


[Input Capacitance | Cs eee 
Cas | 1500 | — | 1500 | pF 
| 600 | — | 600 | 
Voo=50 V 

Rise Time Ion 17.5 A ' 

Turn-Off Delay Time ta(off) Ryen=Rgs=50 
|FallTime Tt Vs =10V | 350 | 165(typ)| 350 


Thermal Resistance R8ic RFK35N08, 
Junction-to-Case RFK35N10 Series °C/W 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


TEST Er aeny 
CHARACTERISTIC SYMBOL CONDITIONS RFK35N08 


=a 
dir/d,=100 A/ys 


“Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 
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RFK35N08, RFK35N10 


Sesstiirii: tien tts tan BSE Siti CASE TEMPERATURE (Tc) = 25 °C 
— i eaae gti ii(CURVES MUST BE DERATED 
6 Rat ptia LINEARLY WITH INCREASE IN 


‘| OPERATION IN 
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meni na Hi a eget a Bg 
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Fig. 1 — Maximum Safe operating areas for all types. 
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Fig. 2 — Power vs. temperature derating curve for all types. Fig. 3 — Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 
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Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 


temperature for all types. 
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RFK35N08, RFK35N10 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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Fig. 7 — Typical saturation characteristics for all types. 
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Fig. 11 — Switching Time Test Circuit. 


i HARRIS RFG40N10 
RFP40N10 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors (MegaFETs) 
Features Package 
* 40A, 100V TO-220AB 
TOP VIEW 
e 'DS(on) = 0.0400 
e UIS SOA Rating Curve (Single Pulse) es) ——__—— SOURCE 
¢ SOA is Power-Dissipation Limited | —————— rail 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance 


© +175°C Operating Temperature TO-247 
TOP VIEW 


Description 


The RFG40N10 and RFP40N10 n-channel ESD rated power 
MOSFET’s are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits gives optimum utilization of silicon, resulting in 
outstanding performance. They were designed for use _ in 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers and emitter switches for bipolar 
transistors. These transistors can be operated directly from Terminal Diagram 
integrated circuits. 

The RFP40N10 is supplied in the JEDEC TO-220AB plastic 
package and the RFG40N10 is supplied in the TO-247 plastic 


N-CHANNEL ENHANCEMENT MODE 


D 
package. 
G 
Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFG40N10 
RFP40N10 UNITS 
PAM ASOUIES VONAGE nice exw sins ones tes ee wedwnd as Fie eke nee Ewe Voss 100 V 
Drain-Gate Voltage (Ras = T M02). es ces ce coe sveaecewine seanas VDGR 100 V 
Continuous Drain Curent. .ccs00sesws ave sn asa ves Oh see bee ned eee Oe Os ID 40 A 
PUSS LO) CUE ws 6 nn oncce neeee Bee tev anode KR eDe KO ded eRe KS IDM 100 A 
Gale-SOurCe VENAGE caivccsa canes ce sean ixdeewe se nan va nae Heed Ves +20 V 
Maximum Power Dissipation 
Lf eae a tel SET ET EE TRTIETOLTT IT TERT ETITTTe Terre ree cere rt Pp 160 WwW 
ORO OOS FEO wa ned ce nun ed HbR ehs de RoR wd OKRDeRKReEe ea wKS 1.07 W/9C 
Operating and Storage Junction Temperature Range......... Tic; (STG -55 to +175 oC 
Caution: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2431 1 
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Specifications RFG40N10, RFP40N10 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 


CHARACTERISTICS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVDSS ID = 0.25 mA, VGS=0V 
Gate Threshold Voltage VGS(th) VGS = VDS, ID = 0.25 mA 


VDS = 80 V, VGS =O0V 
Zero Gate Voltage Drain Current IDSS Te = 150°C 


VOD = 50V, 1D =20A 17 (6) 
Ig) =1g2= 1.2 30 (tye) | 
VGS (clamp): +10, -0.6 V 42 (typ) 
AL=259 20 (yp) 


VDD = an ID=20A,RL=2.592 
Turn-Off Energy Loss per Cycle L=0.8 pH, Igi =Ig2=1.2A 


VGS (clamp): +10 V, -0.6 V 
Thermal Resistance, Junction to Case ROJC 
Thermal Resistance, Junction to Ambient ROJA 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


| ums 
CHARACTERISTICS TEST CONDITIONS 


Diode Forward Voltage VSD ISD=40A 
Reverse Recovery Time trr ISD = 40 A, dISD/dt = 100 A/us 


CASE TEMPERATURE (Tc)=250degC 


100.0 — = = a = Se a 
a as a a oe 
fa! Sa |_| mm em 
TS =e a or i 

= mm a Yt whee 

a. = Ss au mane 

= ie “ne F POEs 

. 10.0oe—_————— a SSSR cee GR Go oe: ee ee es ee es ee eS ae <i Men 

ne] wo 

a a 

S z || el alll 

ss CN 

z= ' = ns ep Bs i 

Ww ae cee = = a a a 

a @ = ae han 

io Ss a on a A acs 

= Yt ae ree 

se 1.0 awe SSS SS GS GE GSS ee GE ee SS eS ee ee eS ees ee ee | | | | ae Oe a 

= ze — aa 

we 

= ve lees 

1 0.01 . 10 1.00 10.00 
DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS TIME IN AVALANCHE C(tav) - MILLISECONDS 
Figure 1 - Safe operating area curve. Figure 2 - Unclamped-inductive-switching safe-operating-area 
(Curves must be derated linearly with increase in temperature.) (single pulse UIS SOA). See Figure 13 for test circuit. 
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DRAIN CURRENT (Id) - AMPS 


DRAIN CURRENT (Id) - AMPS 


NORMALIZED Rds(on) 


RFG40N10, RFP40N10 


25 60 75 100 125 150 
CASE TEMPERATURE (Tc) - degC 


Figure 3 - Maximum continuous drain current vs. temperature. 


PULSE DURATION=250us 


DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 


Figure 5 - Typical saturation characteristics. 


PULSE DURATION=250us V 


-50 0 50 100 150 
JUNCTION TEMPERATURE (TJ) - degC 


Figure 7 - Normalized Rds(on) vs junction temperature. 


Tc=25deg 


gs=!0V Id=40A 


POWER DISSIPATION MULTIPLIER 


175 an) 25 50 75 100 125 150 175 
CASE TEMPERATURE (Tc) - degC 


Figure 4 - Normalized power dissipation vs temperature derating curve. 


C Vds=15V 


ON-STATE DRAIN CURRENT (Id(on)] - AMPS 


GATE-TO-SOURCE VOLTAGE (Vgs) - VOLTS 


Figure 6 - Typical transfer characteristics. 


Vgs=Vds Id=250uA 


a 
—. 


“~. 
~, 


NORMALIZED GATE THRESHOLD VOLTAGE 
[Vgs( th) ] 
= | 
a 


200 -50 0 50 100 150 200 


JUNCTION TEMPERATURE (TJ) - degC 


Figure 8 - Normalized gate threshold voltage. 
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RFG40N10, RFP40N170 


Vgs=OV FREQUENCY (f)=1!MHz 


“a - “he 
rs) o r=) 


2 
a1 


NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss) - VOLTS 


[=] 
e 
oO 


-60 0 50 100 150 200 0 5 10 15 20 26 
JUNCTION TEMPERATURE (TJ) - degC DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 
Figure 9 - Normalized drain source breakdown voltage vs temperature. Figure 10 - Typical capacitance vs voltage. 
100 10 


RL=2.5 OHMS 
IQ(REF)=2.25mA 
Vgs= 10V 


75 


Vds—VOLTS 
Vgs—VOLTS 


fe) Ss ee fa) 
20 Ig(REF) ar) ig(REF) 
Ig(ACT) Ig(ACT) 


TIME—MICROSECONDS 


Figure 11 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 


VDD 
Ton Toff 
Tdlon) — Tr Tdloffl —Tf 
AL “00% | ~90% 
INVERTED 
V ps ion! 10% 
gi=1g2 DUT 
hi 
0 GATE CURRENT 
10V 0 
— re 
Switching Test Circuit Switching Waveforms 


Figure 12 - Resistive switching. 
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RFG40N10, RFP40N10 


Vos 


VARY tp TO OBTAIN DUT 
REQUIRED PEAK les 


Vgs > te 


Rc 


UIS Test Circuit UIS Waveforms 


Figure 13 - Unclamped-inductive-switching test 


C] 
th 
7 ue 
= WY 
=O 
<= 
9 a 
za 

re) 
ee 


4-735 


M HARRIS RFG45N06 
SEMICONDUCTOR REP45N06 


45A, 60V, Avalanche Rated N-Channel 


January 1994 Enhancement-Mode Power MOSFETs (MegaFETs) 
Features Packaging 
e 45A, 60V JEDEC TO-220AB 
TOP VIEW 

e 'DS(ON) = 0.028Q 
e Temperature Compensating PSPICE Model Rye ease: — 
¢ Peak Current vs Pulse Width Curve a DAN 

| cueeeemmeme Ce 
e UIS Rating Curve — 


e +175°C Operating Temperature JEDEC STYLE TO-247 


Description TOP VIEW 


The RFG45N06, RFP45NO06 N-Channel power MOSFETs DRAIN 
are manufactured using the MegaFET process. This pro- (TAB) 
cess, which uses feature sizes approaching those of LSI 
integrated circuits gives optimum utilization of silicon, result- 
ing in outstanding performance. They were designed for use 
in applications such as switching regulators, switching 
converters, motor drivers, relay drivers and emitter switches 
for bipolar transistors. These transistors can be operated 
directly from integrated circuits. 


The RFG45NO6 is supplied in a JEDEC style TO-247 plastic | Symbol 
package and the RFP45N06 is supplied in the JEDEC 


(BOTTOM 
SIDE METAL) 


D 
TO-220AB plastic package. 
Formerly developmental type TA49028. 
G 
=) 
Absolute Maximum Ratings (T, = +25°C) 
RFG45N06, RFP45N06 UNITS 

rain SOUNCG VONAGE ccs cwdsbon ss axe ween cee sand eens onsnees Voss 60 V 
DIG GHIS YOURE: iccccccente ce enn su need sed ne haseeeadeoees Vocr 60 V 
ale GOUNIGS VONAUS sc cscccae se eesweneeiwe vadee chee rewess Ves +20 V 
Drain Current 

FS CONN GSs oo ct cecwnisededcen eevee iudeended vedauess Ip 45 A 

PURSES Ula CONIC, nncg 04 0d.5- 05 nu ree obwends Ose Oaberaa es lom Refer to Peak Current Curve 
Pitsed AVAIANCNG FIBING 60604646 okie cones eed Seeds bee Mee ORE Eas Refer to UIS Curve 
Maximum Avalanche Currant. ....2...0csscecssneeneeenesonenses lAM 125 A 
Power Dissipation 

Ve SSE OG ance cade xn bare nti eaten abes ee desetaaneseeyes Pp 131 Ww 

DGG GUNG FE Gis ccc ecsaneedad ew iurcane erase Osan eens Py 0.877 WPC 
Operating and Storage Temperature ......... 0... cece eee eee Tste, Ty -55 to +175 i €- 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3574 
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Specifications RFG45N06, RFP45N06 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage Ip = 0.25mA, Veg = OV 
Gate Threshold Voltage Ves = Vos; Ip = 0.25mA 2 


ia oa 


On Resistance Ip = 45A, Veg = 10V 
Turn-On Time Stow | Vop = 30V, Ip = 45A 


Ri. = 0.667Q, Ves = +10V 
Turn-On Delay Time 


Res = 3.62 
Rise Time 


LIMITS 


TYP 


UNITS 


—s 


> 


Zero Gate Voltage Drain Current mv 


on 
Oo 
> 


Gate-Source Leakage Current 


3 
> 


0.028 


12 


—_ 
MN 


N 


+e) 


o>) f= 


lo 

Turn-Off Delay Time to(oFF) 
t 
lo 


N 
F 
Turn-Off Time FF 


Total Gate Charge Qecton 
Gato Charge at 10V 
Threshold Gate Charge 
Plateau Voltage Ip = 45A, Vos = 15V 


Input Capacitance Vos = 25V, Veg = OV 


125 150 


=| a 
QO; oO 


- _ 
N N 


> 
ol 


=~ EG 
on 


= 
@) 


2050 


TC 
n 


Output Capacitance Coss 


Reverse Transfer Capacitance Crass 


Thermal Resistance Junction to Case Resc 


Source-Drain Diode Specifications 


PARAMETER SYMBOL 
Vsp 


Forward Voltage 


200 


TT 
7 


rN 

° 
i?) 
= 


Thermal Resistance Junction to Ambient 


Reverse Recovery Time Isp = 45A, digp/dt = 100A/us 
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RFG45N06, RFP45N06 


Typical Performance Curves 


To = +25°C 
me ei TT 


< 100 
bee 
= 
Lu 
ac 
ac 
—] 
Oo 
= 
<= 10 
Q 
z) OPERATION IN THIS 
AREA MAY BE 
LIMITED BY 'DS(ON) 
1 
1 10 100 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 
FIGURE 1. SAFE- OPERATING AREA CURVE 
< 
bee 
= 
Lu 
oc 
c 
—) 
oO 
z 
< 
og 
Q 
x) 


25 50 125 


Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


_ PULSE DURATION = 250us Tc = +25°C 


100 


75 


50 


Vas = 6V 


Ves = 5V 


Ip, DRAIN CURRENT (A) 


25 


1.5 3.0 4.5 6.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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104 10° 10°2 10°! 10° 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


NON I Wi 


HH im 
| 


ae 2 ll 
UT Trin 


TRANSCONDUCTANCE tities 
MAY LIMIT CURRENT 
IN THIS REGION 


Ipw, PEAK CURRENT CAPABILITY (A) 


10° 10! 102 


t, PULSE WIDTH (ms) 


1071 


FIGURE 4. PEAK CURRENT CAPABILITY 


Vpp = 15V 


125 


PULSE TEST 
PULSE DURATION = 250s 
DUTY CYCLE = 0.5% MAX 


-55°C 


8 


ij 
+175°C 


~“ 
oi 


ID(oN)» ON STATE DRAIN CURRENT (A) 


PLEA TTT 


0.0 10 20 30 40 50 60 7.0 80 9.0 
Vgs, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


10.0 


RFG45N06, RFP45N06 


Typical Performance Curves (Continued) 


PULSE DURATION = 250us, Ves = 10V, Ip = 45A 
2.5 


2.0 
1.5 


1.0 


NORMALIZED Rgnyon) 


0.5 


0.0 
-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 7. NORMALIZED Rpgion) VS JUNCTION 
TEMPERATURE 


Ip = 250uA 
2.0 D r 


— 
on 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (V) 
Oo _ 
wu ra) 


-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


Ves = OV, f = 1MHz 


4000 


3000 


2000 


C, CAPACITANCE (pF) 


1000 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 
FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Ves = Vps; Ip = 250A 


_ —_ it) 
o wo o 


NORMALIZED GATE 
THRESHOLD VOLTAGE (Vesctn)) 
r=) 
wu 


-80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs 
TEMPERATURE DERATING CURVE 


oz) 
o 


> 
ul 


i 
So 


0.75 BVpss_ 0.75 BVpss 
0.50 BVpss 0.50 BVpss 
0.25 BVpss _ 0.25 BVpss 


Vps, DRAIN SOURCE VOLTAGE (V) 
a 


Vas, GATE-SOURCE VOLTAGE (V) 


Ri. = 1.33Q 
IG(REF) = 1-5mA 
Ves = 10V 
0 
j I 
Piss J8 t, TIME (ys) 80 Belden J 
IG(AcT) IG(act) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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RFG45N06, RFP45N06 


Typical Performance Curves (Continued) 


300 


100 


10 


las, AVALANCHE CURRENT (A) 


IFRz#0 


0.1 


[a 


oe Ty = +25°C 
SY ee || 


Rae 
Bina 
ee SE oH mei 
it = I mil 
tre eer tee 
St SESS 
tav = (L) (las) / (1.3 RATED BVpgs - Vpp) 


tay = (UR) In [(las*R) / (1.3 RATED BVpssg - Vpp) + 1] 


o>. Os oe 
MS BASI i. a aaa 


eee S26 ae See 


1 10 


tay, TIME IN AVALANCHE (msec) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits 


¢ 
ABBABBWWWWBwAesBVWseseswaeswsa’ 


=A 


FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 


U 
6 
6 
6 
6 
6 
6 
6 
¢ 

4 

6 

¢ 


~AWASBVBWBWBWBABwea sas 


ton torr 
tD(on) tD(OFF) 
tr 
Vv 
DS 90% 
10% 
90% 
Ves 50% 50% 
~<———— PULSE WIDTH 
10% 


FIGURE 16. RESISTIVE SWITCHING WAVEFORMS 
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Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Reg 


FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 


Ri 


DUT 


FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 


RFG45N06, RFP45N06 


PSpice Model Listing 


Temperature Compensated PSPICE Model for the RFG45N06, RFP45N06 


.SUBCKT RFP45N06 2 1 3 


REV 1/18/93 10 5 DRAIN 
*NOM TEMP = +25°C "2 
; Dptcap RpRAIN LORAIN 
Esc, - DsREAK 
CA 12 8 3.49E-9 Vto 7 
CB 15 14 3.8E-9 _ : Evro iE — BODY 
CIN 6 8 2E-9 GATE +—~- 21 
° MOS1 11 
1 4 9 -20\8 6 c 7) 

DBODY 7 5 DBDMOD GATE BREAK : 
DBREAK 5 11DBKMOD Rin Cin 
DPLCAP 10 5 DPLCAPMOD 8 Rsource Lsournce 3 
EBREAK 11 7 17 18 66.5 SiAS6  SS2A 7 SOURCE 
EDS 148581 12[°S3 14 15 17 RBREAK 18 
EGS 13868 1 
ESG61068 1 S1B ? S2B 
EVTO 2061881 13 Ryto 

Ca c tbe 19 
IT817 1 + +14 ‘ 

Eas (@) Eps ia VBAT 


LDRAIN 2 5 1E-9 
LGATE 1 9 5.65E-9 
LSOURCE 3 7 4.13E-9 


MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 


RBREAK 17 18 RBKMOD 1 
RDRAIN 5 16 RDSMOD 3.58E-3 
RGATE 9 20 0.681 

RIN 6 8 1E9 

RSOURCE 8 7 RDSMOD 13.6E-3 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
S1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 SZ2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.92 


.MODEL DBDMOD D (IS=8.2E-13 RS=7.86E-3 TRS1=2.26E-3 TRS2=2.90E-6 CJO=2.07E-9 TT=5.72E-8) 
.MODEL DBKMOD D (RS=1.93E-1 TRS1=5.13E-4 TRS2=-2.15E-5) 

.MODEL DPLCAPMOD D (CJO=1.25E-9 IS=1E-30 N=10) 

.MODEL MOSMOD NMOS (VTO=3.862 KP=55.57 IS=1E-30 N=10 TOX=1 L=1U W=1U) 
.MODEL RBKMOD RES (TC1=1.12E-3 TC2=-5.18E-7) 

.MODEL RDSMOD RES (TC1=4.64E-3 TC2=1.58E-5) 

.MODEL RVTOMOD RES (TC1=-4.27E-3 TC2=-6.55E-6) 

MODEL S1AMOD VSWITCH (RON=1E-5 ROFF=0.1 VON=-6.5 VOFF=-1.7) 

.MODEL S1BMOD VSWITCH (RON=1E-5 ROFF=0.1 VON=-1.7 VOFF=-6.5) 

.MODEL S2AMOD VSWITCH (RON=1E-5 ROFF=0.1 VON=-3.0 VOFF=2) 

MODEL S2BMOD VSWITCH (RON=1E-5 ROFF=0.1 VON=2.0 VOFF=-3.0) 


.ENDS 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFet Featuring Global 


Temperature Options; authored by William J. Hepp and C. Frank Wheatley. 
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August 1991 


Features 

e 45A, 50V and 60V 

® rps(on) = 0.0400 

© SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 

e Majority Carrier Device 


¢ High-Current, Low-Inductance Package 


Description 


The RFH45NO5 and RFH45NO6~ are _ n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 


RFH45N05 
RFH45N06 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 
TO-218AC 
TOP VIEW 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


Drain-Source Voltage 

Drain-Gate Voltage (Rgs = 1M) 
Continuous Drain Current 

Pulsed Drain Current 
Gate-Source Voltage 

Maximum Power Dissipation 


Linear Derating Factor 
Operating and Storage Temperature 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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RFH45NO05 RFH45NO06 


12 he 
-55 to +150 -55 to +150 


File Number 1635.1 


Specifications RFH45N05, RFH45N06 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 


TEST 

CHARACTERISTIC SYMBOL | CONDITIONS | RRHASNOS =| RFHASNOS UNITS 
Drain-Source Breakdown BVoss lb=1mA 

owe | a | PE 
Gate Threshold Voltage Ves(th) i = Vos V 
Zero Gate Voltage Drain - =40V 1 _ 

To = 125°C 

Vos = 40 V 


Gate-Source Leakage Ves=+20V 100 al 
Drain-Source On Voltage Vos(on)@ Ip =22.5A 
IDpb=45A 
Static Drain-Source On rps(on)4 Ip=22.5A 
Forward Transconductance Vos = 10 V 


Input | InputCapacitance si | Ge 


Output Capacitance 
Reverse Transfer Capacitance 
Turn-On Delay Time 


@” 

tu 
iu 
2 
=O 
{=z 
<x 
9 
z 
re) 
2. 


eet ae ieee | 


[tony 


Thermal Resistance a. RFH45N05, 
Junction-to-Case RFH45N06 0.83 0.83 °C/W 
Series 


4Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


CHARACTERISTIC TEST CONDITIONS RFHASNOS RFH45N06 


Reverse Recovery Time le = 4A, die/d: = 100 A/us 150 (typ.) 150 (typ.) 


~ * Pulse Test: Width < 300 ys, Duty cycle < 2%. 
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RFH45N05, RFH45N06 


Statist: CASE TEMPERATURE (Tc )* 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 


«ese ae IN TEMPERATURE) 


for Hea: 
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DRAIN -TO- SOURCE VOLTAGE (Vpg) — V 
92CS-38776 


Fig. 1 - Maximum safe operating areas for all types. 
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saaaue 
22 S880 e08.'888 
PT A ~ 


POWER DISSIPATION (Py)— Ww 
NORMALIZED GATE THRESHOLD VOLTA 
[Vesith)] 


CASE TEMPERATURE (Tc)— °C JUNCTION TEMPERATURE (T)) —°C 
92CS- 37138 92CS- 37144 
Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction temperature for all types. 
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PULSE TEST 
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NORMALIZED DRAIN- TO-SOURCE ON RESISTANCE 


JUNCTION TEMPERATURE (T)) —°C GATE-TO-SOURCE VOLTAGE (Vgs) — V 


92Cs-37139 92CS-37140 


Fig. 4- Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 
temperature for all types. 
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RFH45N05, RFH45N06 


GATE 
SOURCE 
VOLTAGE 


RL = 1.338 
ig (REF) = 2.3 mA 


Vos — Volts 
Ves — Volts 


ig (REF) 
Ig (ACT) 


Ig (REF) 
80 —————— 
Ig (ACT) 


TIME — Microseconds 02¢$-37636 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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PULSE TEST 
0070! PULSE DURATION = 8045S 

DUTY CYCLE < 2% 
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(ps! on i} —ohms 


DRAIN- TO-SOURCE ON RESISTANCE 


DRAIN CURRENT (Ip)—A 
92CS- 37143 


Fig. 8 - Typical drain-to-source on resistance as a function of 


drain current for all types. 
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PULSE DURATION = 80 uS ‘4 


Lad 
a 
ry 
s 
2 
es 
el 
s 
ry 
e 


Hatt] 


sesssesstsas 


€ 
“ 
- 
o 
159) 
oO 
r-4 
a 
e 
(2) 
> 
a 
z 
°o 
12) 
n 
4 
a 
x 
- 
a 
x 
a 
4 
ig 
oO 
uw 


i HH HH eh He Sots isess 
t BESESSBSSBEBEIEEESS 3 3533383 ae 
PSH its 
8 26 
DRAIN-TO-SOURCE CURRENT (Ip)—A 
92CS-37145 


Fig. 10 - Typical forward transconductance as a function of drain 


current for all types. 
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HTH PULSE TEST 
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Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 


all types. 
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Fig. 11 - Switching Time Test Circuit. 
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it HARRIS RFK45N05 
RFK45NO06 


N-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-204AE 
e 45A, 50V and 60V BOTTOM VIEW 
® rps(on) = 0.0400 
¢ SOA is Power-Dissipation Limited DRAIN 
SOURCE / (FLANGE) 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
© High Input Impedance 


e Majority Carrier Device GATE 


Description 


The RFK45NO5 and RFK45N06 are n-channel enhancement- | Termina/ Diagram 
mode silicon-gate power field-effect transistors designed for 


applications such as_ switching regulators, switching N-CHANNEL ENHANCEMENT MODE 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed D 


and low gate-drive power. These types can be operated direct- 
ly from integrated circuits. 


The RFK-types are supplied in the JEDEC TO-204AE steel 
package. G 


Ss 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFK45N05 RFK45NO06 UNITS 

Drain=Source VoOlaOe occscaicccs cc cess eced nan escewernre ss Voss 50 60 V 
Drain-Gate Voltage (RGS = 1M) oi. .scccssissscsnccccuuscs VDGR 50 60 V 
Continuous Drain Current 

Ti ec badec axcnaeks bbs en edesnsinoeredecixnneseets Ip 45 45 A 

PUBCO DIS GONG ssias nes s20 neetand eck sen net es eee ee lDM 100 100 A 
Gate-SOuIce VONAGE ocsvccccs casuenas enone vee cknvevew ness Vas +20 +20 V 
Maximum Power Dissipation 

VO te ca cauei eden wavevdkanannd net eonkvsndsawnws Pp 150 150 W 
Lin@ar Dera Fa ic coss hex aeanssiuwsadauwnewcrws nesheeew ous 1.2 1.2 W/°C 
Operating and Storage Temperature .............0eeeeee Ty, TSTG -55 to +150 -55 to +150 oC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1498.1 
4-746 


Specifications RFK45N05, RFK45N06 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 


LIMITS 
nal [RFK @SNO8 
CHARACTERISTICS SYMBOL CONDITIONS RFK45N06 UNITS 


Drain-Source Breakdown Voltage 
Gate Threshold Voltage Ves(th) 2 4 
— mA 


Zero Gate Voltage Drain Current =4 


Gate-Source Leakage Current | ee 
(on)* . 


Drain-Source On Voltage 


Static Drain-Source On Resistance 
Forward Transconductance a 


[Input Capacitance ws | 3000 | — | 3000 | 
| — | 1800 | — | 1800 | pF 
Reverse Transfer Capacitance | Coss | — | 70 [| — | 750 | 
| 40(typ) | 80 | 40(typ) | 80 
a A a Ip=22.5 A ns 
Reen=Rgs=502 | 220(typ) | 350 | 220(typ) | 350 _| 


Ves=10V____| 240(typ) | 375_| 240(typ) | 375 | 


poh RFK45N05, 
RFK45N06 Series 0.83 °C/W 


“Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
TEST LIMITS 
| RFK45N05__ 
CHARACTERISTIC SYMBOL CONDITIONS 


Reverse Recovery Time tr lp = 4A 
dir/d: = 100A/pus 


*Pulse Test: Width < 300 ws, Duty Cycle < 2%. 
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RFK45N05, RFK45NO06 


eee seoes nest: BEERS S 
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CASE TEMPERATURE(Tc )= 25°C 
(CURVES MUST BE DERATED 

LINEARLY WITH INCREASE 
IN TEMPERATURE) 
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Fig. 1 — Maximum safe operating areas for all types. 
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Fig. 3 — Typical normalized gate threshold voltage as a function 


j II ; 
Fig. 2 — Power vs. temperature derating curve for all types of junction temperature for all types. 
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NORMALIZED DRAIN- TO-SOURCE ON RESISTANCE 
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Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 
temperature for all types. 
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RFK45NO05, RFK45N06 


GATE 
SOURCE 
VOLTAGE 


R_ = 1.338 
ig (REF) = 2.3 mA 


Vos — Volts 
VGs — Volts 


80 


TIME — Microseconds 92CS$-37636 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 anc “N-7260 
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Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 
PULSE DURATION =80yuS 
DUTY CYCLE <2% 


DRAIN CURRENT (Ip)— 
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Fig. 7 — Typical saturation characteristics for all types. 
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Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 - Switching Time Test Circuit. 


N-CHANNEL 
POWER MOSFETs 


it HARRIS 


RFPSONOS 
RFGSONO5S 


N-Channel Enhancement-Mode 


May 1992 Power Field-Effect Transistors (MegaFETs) 
Features Package 
TO-220AB 
i TOP VIEW 
® DS(on) = 0.0222 
e UIS SOA Rating Curve (Single Pulse) DRAIN SS source 
. ae < a (FLANGE) > DRAIN 
e SOA is Power-Dissipation Limited 
L. > GATE 
¢ Nanosecond Switching Speeds a 
e Linear Transfer Characteristics 
© High Input Impedance 
¢ +175°C Operating Temperature TO-247 
TOP VIEW 
Description 
DRAIN ay, 
The RFP50NO5 and RFG5ONO5 n-channel power MOSFET’s are (TAB) —————— SOURCE 
manufactured using the MegaFET process. This process, which Ly, O DRAIN 
uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, resulting in o™ es CATE 


outstanding performance. They were designed for use in 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers and emitter switches for bipolar 
transistors. 


The RFPSONOS is supplied in the JEDEC TO-220AB plastic 
package and the RFGS5ONO5 is supplied in the TO-247 plastic 
package. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 
G 
Ss 
Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 
RFPS5ONO5 
RFGSONOS UNITS 
Drain-Source VONAGE cicacs ccccs cece can ces es as eenes ces mewe Voss 50 V 
Drain-Gate Voltage (RG6 = 1 MD). ccccs sc ceassccasecesnsnnses VDGR 50 V 
COMIMUGUS DIAN CGNGINs isa ccc cceews davasean cidwn tae naouseneeke ID 50 A 
Pulsed Drain Current 2.20 ene ceenend nee ce eneanseneas ene seneaness IDM 120 A 
Gate-Source VONAGE oss vis snes re ces aseecaes acces saws ees aes Vas +20 V 
Maximum Power Dissipation 
VG 92S heed eanad cakes danke wen nsenseanek was sew ekonennd ex Pp 132 W 
Derated Above 425°C. cccdsccens ven caveavawen ven ben en enwenene ons 0.88 W/9C 
Operating and Storage Junction Temperature Range......... TIG STG -55 to +175 oC 
Single-Pulse Avalanche RatingS.......... cece cece sce ce sce enccccecens Refer to UIS SOA Curve 


Caution: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1992 
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File Number 2873.1 


Specifications RFP5O0NO5 RFG50N05 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTICS SYMBOL TEST CONDITIONS } MIN | TYP | MAX | UNITS 
Drain-Source BVpss Ip =0.25mA, Ves = OV V 
Breakdown Voltage 
Gate Threshold VGSith) Ves=Vps V 
Voltage Ip = 0.25mA 


Zero Gate Voltage loss [Vos =40V, Vag =0V es ee ee ee 
Drain Current 
“__ Tg =+150°C p= f= | | mw 


Gate-Source lass Vas = +20V 100 nA 
Leakage Current 


Turn-On Time tion) Vpp = 25V. Ip = 25A 
td(on) RL =1.09 

Ig1 =IG2=1.5A 

td (off) VGS(clamp) = +10V, -0.6V 


Turn-On Delay Time 
Rise Time 

Turn-Off Delay Time 
Fall Time 

Turn-Off Time 

Total Gate Charge 
Gate Charge at 10V 
Threshold Gate Charge 
Plateau Voltage 


Turn-Off Energy Vpopb = 25V, Ip = 25A,1q1 =!IG2 =1.5A 
Loss per Cycle VGS(clamp) = +10V, -0.6V, L = 0.2uH, 
Rp = 1.029 


Koff) 
Qattor 
Qg(10) 
Qaith) 


V(plateau) Ip = 50A, Vps = 15V 


RiseTime Te 
Faltime CT 


Thermal Resistance 
Junction to Case 


Thermal Resistance Diode 


Junction to Ambient 


Source-Drain Diode Ratings and Characteristics 


LIMITS 


TEST CONDITIONS 


Isp = 50A 
lp = 50A, diy/dt = 100A/us = 4 


CHARACTERISTICS SYMBOLS 


Forward Voltage 


VSD 
Reverse Recovery Time ter 


1000 
635 CASE TEMPERATURE (Tc)=-25d 
2 , 
< Idm 2 Ft 
"100 . # 
® = 
= TT] 
TARTING TJ= 26degC ea 
TARTING TJ= 160degC 3 a 
z = 
» 
belli 
Bane ay 
0.0! 0.10 1.00 10.00 “4 10 100 
TIME IN AVALANCHE (tav) - MILLISECONDS ULSBONOE DRAIN-TO-SOURCE VOLTAGE (V¥de) - VOLTS  cyenee 
FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING SOA FIGURE 2. SAFE-OPERATING-AREA CURVE. (CURVES 
(SINGLE PULSE UIS SOA) MUST BE DERATED LINEARLY WITH INCREASE 


IN CASE TEMPERATURE) 
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N-CHANNEL 
POWER MOSFETs 


RFP50NO5 RFG5SONO5 


Performance Curves 
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FIGURE 7. NORMALIZED rps(on) VS. JUNCTION FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE 
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RFP50NO05 RFG5O0NO5 


Performance Curves (Continued) 
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FIGURE 9. NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE VS. TEMPERATURE 


CRSS CISS Coss 


CAPACITANCE (C)-pf 


SOURCE-TO-DRAIN VOLTAGE Vsd)-V 
CAPGEPSONOSCF3 
FIGURE 10. TYPICAL CAPACITANCE VS. VOLTAGE FOR 
ALL TYPES 
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FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE-CURRENT. 
(REFER TO HARRIS APPLICATION NOTES AN-7254 AND AN-7260) 
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FIGURE 12. RESISTIVE SWITCHING 
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RFP50N05 


Performance Curves (Continued) 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


92CS-42659 


FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT 
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RFG50NO05 


92CS-42660 


FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 
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Eeieceaneieas RFP50N0O6 


50A, 60V, Avalanche Rated N-Channel 


tt 


February 1994 Enhancement-Mode Power MOSFETs (MegaFETs) 
Features Package 
JEDEC TO-220AB 
i TOP VIEW 
e TDS(ON) = 0.0220 —— 
DRAIN CO SOURCE 
¢ Temperature Compensating PSPICE Model (FLANGE) sisi 
ee 

¢ Peak Current vs Pulse Width Curve i GATE 
e UIS Rating Curve 
. 6) 

+175°C Operating Temperature JEDEC STYLE TO-247 
Description iliac 
The RFG50NO6 and RFP5ONO6 N-Channel power MOS- DRAIN a, ——————— source 
FETs are manufactured using the MegaFET process. This ne 
process, which uses feature sizes approaching those of LSI > DRAIN 
integrated circuits gives optimum utilization of silicon, result- 
ing in outstanding performance. They were designed for use SIDE METAL) L_Z__\ GATE = 
in applications such as switching regulators, switching con- at Ul 
verters, motor drivers, relay drivers and emitter switches for >” 
bipolar transistors. These transistors can be operated =z 2 
directly from integrated circuits. = = 
The RFGSONO6 is supplied in the JEDEC TO-247 plastic | Symbol ea 
package; the RFP5ONO6 is supplied in the JEDEC b re) 
TO-220AB plastic package. &.. 
When ordering use the entire part number; eg. RFG5O0N06 
Formerly developmental type TA49018. G 

Ss 
Absolute Maximum Ratings (T, = +25°C) 
RFG50N06, RFPS5ON06 UNITS 

a SONGS VONAGE ss need ceed eebewecaseeBeacdzoewes ka neesea Voss 60 Vv 
Drei Gate VONRGG i fccccnn ncn ceennceaev aeernewkeenadaged ee Voar 60 V 
Gals SOUS VOSGES. «snesesed cw See ea derdaekecows new e en wae Ves +20 Vv 
Drain Current 

AIMS Conlinguss .6cccsccoceexaweannvancvar seenneseensus we Ip 50 A 

Pulse Ee CUNGNE 5 o225 254 sos bb o0d Rebkiw eed enseudaverss lom Refer to Peak Current Curve 
Pulsed Avalanche Aging ..2ics%cccewnvctavineunus suse anes ete Eas Refer to UIS Curve 
Maxirain Avalanche Guirenl . o26 ¢ cbc eescan idan eeees een anse eon IAM 125 A 
Power Dissipation 

Vee acu nak vcdus once sense seneweensenoeserevesscs Pp 131 Ww 

DORIS MDONG IES Cs scien vectaeneedana cea ese wees owe Kune Py 0.877 WC 
Operating and Storage Temperature .............. 00. e cece cues Tstaly -55 to +175 i 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3575 
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Specifications RFG50N06, RFP50N06 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage Ip = 0.25mA, Ves = OV 
Gate Threshold Voltage Vas = Vos, Ip = 0.25mA 2 


Zero Gate Voltage Drain Current a To = +25°C 


LIMITS 


pare 
u 
> 


= 
> 


Te = +150°C 
Gate-Source Leakage Current Ves = t20V 


TDS(ON) Ip = 50A, Ves = 10V 


Turn-On Time Stn Vpp = 30V, Ip = 50A 
Ry = 0.6Q, Ves = +10V 


On Resistance 0.022 


—_ 


Turn-On Delay Time Res = 3.6Q 


ton 
Rise Time 

Turn-Off Delay Time 
Fall Time 
Turn-Off Time 
Total Gate Charge Vop = 48V, 
Gate Charge at 10V 

Threshold Gate Charge Ves =0 to 2V 
Plateau Voltage Ip = 50A, Vos = 15V 
Input Capacitance Vos = 25V, Ves = OV 

f = 1MHz 

Output Capacitance 
Reverse Transfer Capacitance 
Thermal Resistance Junction to Case 
Thermal Resistance Junction to Ambient 


Source-Drain Diode Specifications 


PARAMETER SYMBOL 


Forward Voltage 


150 


wo fo) 
N 
on 
TC a | S 


BSS 
on 


— 
Q 


N 
on 


2020 


wT 
Tl 


a 


200 


Bo) 
n 


°C/W 


TEST CONDITIONS 


Isp = 50A, digp/dt = 100A/us 


Vsp 


Reverse Recovery Time 
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RFGSONO6, RFP50N06 


Typical Performance Curves 


Tc = +25°C 
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Ip, DRAIN CURRENT (A) 


OPERATION IN THIS 
AREA MAY BE 
LIMITED BY TDS(ON) 
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FIGURE 1. SAFE OPERATING AREA CURVE 
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FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 
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FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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DUTY FACTOR: D = ty/ty 


PEAK Ty = Poy X Zgyc + Teo 
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FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
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PULSE TEST 
PULSE DURATION = 250s 
DUTY CYCLE = 0.5% MAX 
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FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFG50N06, RFP50N06 


Typical Performance Curves (continued) 


PULSE DURATION = 250us, Vgg = 10V, Ip = 50A Ves = Vps; Ip = 250nA 
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FIGURE 7. NORMALIZED Rpgion) VS JUNCTION FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE TEMPERATURE 


Ip = 250A 
2.0 “ 


— 
gi 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (V) 
in 
POWER DISSIPATION MULTIPLIER 


-80 -40 0 40 80 120 160 200 0 25 50 75 100 125 150 175 


Ty, JUNCTION TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN FIGURE 10. NORMALIZED POWER DISSIPATION vs 
VOLTAGE vs TEMPERATURE TEMPERATURE DERATING CURVE 


Ves = OV, f = 1MHz 


4000 


3000 


2000 
0.75 BVpss 


0.50 BVpss 


0.25 BVpss 
Ry = 1.20 


C, CAPACITANCE (pF) 


° 
fo] 
oS 
Vps, DRAIN-SOURCE VOLTAGE (V) 


Vgs, GATE-SOURCE VOLTAGE (V) 


IG(REF) = 1.45mA 
Ves = 10V 


IG(RE IG(RE 
6 t, TIME (us) 80 ——— 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) IG(AcT) IG@(act) 
FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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RFG50ON06, RFP50N06 


Typical Performance Curves (Continued) 
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m ee See os es ‘ent Vane eee Sl COO SS 
= ifR=0 
é tay = (L) (las) / (1.3 RATED BVpgs - Vpp) il 
~ IFR+0 
tay = (U/R) In [(las*R) /(1.3 RATED BVpss- Vpp) +1] | 
1 
0.01 0.1 1 10 
tay, TIME IN AVALANCHE (ms) 
FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 
Test Circuits a 
| UW 
LW 
BV a 
DSS Vos =z (@) 
~<— tp, c= 
é Vos <= o 
las Ss we il 
’ V zs 
ny A DD re) 
y , VARY tp TO OBTAIN Re ‘ 4 
- ‘ REQUIRED PEAK las = 
? , Vpp 
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ao 4 
a -] 
pAAARRBAEABASBABEBEAE BWABWBBVWRABVWWVWSVWVWsSVP_BVSWV_—esase a tp 
—| tay Le OV 
FIGURE 14. UNCLAMPED ENERGY WAVEFORMS FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 
ton torr Vpp 
'D(ON) tp(oFF) 
te Rp 
Vos 90% 
Vps 
Ves 
10% | | DUT 
OV 
90% 
Res 
y 50% 
3 ~<———— PULSE WIDTH 
10% = 
FIGURE 16. RESISTIVE SWITCHING WAVEFORMS FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 
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RFG5ON06, RFP50N06 
PSpice Model Listing 


Temperature Compensated PSpice Model for the RFGSON06, RFPSON06 


SUBCKT RFP50N06 2 1 3 = 
REV 2/22/93 

“NOM TEMP = +25°C 
CA 12 8 3.686-9 


CB 15 14 3.625¢-9 VTo , 
CIN 6 8 1.98¢-9 GATE 


Dpicap 


RoatreE +... 


DBODY 7 5 DBDMOD 1 
DBREAK 5 11 DBKMOD 
DPLCAP 10 5 DPLCAPMOD 


9 20 6 


EBREAK 11 7 17 18 64.59 

EDS 148581 co ee a 
EGS 13868 1 1314 

ESG 6 1068 1 - 

EVTO 206 188 1 eT ag [ 


IT8 171 Ca Cg 


LDRAIN 2 5 1e-9 
LGATE 1 9 5.65e-9 
LSOURCE 3 7 4.13e-9 


MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 


RBREAK 17 18 RBKMOD 1 
RDRAIN 5 16 RDSMOD 1e-4 
RGATE 9 20 0.690 

RIN 6 8 1e9 

RSOURCE 8 7 RDSMOD 12e-3 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
$1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
$2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.678 


.MODEL DBDMOD D (IS=9.851e-13 RS=4.91e-3 TRS1=2.07e-3 TRS2=2.51e-7 CJO=2.05e-9 TT=4.33e-8) 
-.MODEL DBKMOD D (RS=1.98e-1 TRS1=-2.35¢e-3 TRS2=-3.83e-6) 

MODEL DPLCAPMOD D (CJO=1.42e-9 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=3.65 KP=35 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=1.23e-3 TC2=-2.34e-6) 

.MODEL RDSMOD RES (TC1=5.01e-3 TC2=1.49e-5) 

-MODEL RVTOMOD RES (TC 1=-5.03e-3 TC2=-5. 16e-6) 

MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-6.75 VOFF=-2.5) 
-MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.5 VOFF=-6.75) 
MODEL S2AMOD VSWITCH (RON=1¢e-5 ROFF=0.1 VON=-2.7 VOFF=2.3) 
.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=2.3 VOFF=-2.7) 


.ENDS 


E {|| MOS2 
VTO 21 


MOS1 
Loate EBREAK 2) 


LsournceE 3 


7 SOURCE 
18 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFet Featuring Global Temperature 


Options; authored by William J. Hepp and C. Frank Wheatley. 


4-760 


oe RFP7ONO3 


70A, 30V, Avalanche Rated N-Channel 


March 1994 Enhancement-Mode Power MOSFET (MegaFET) 
Features Package 
¢ 70A, 30V TO-220AB 
TOP VIEW 


° Tps(on) = 0.0100 
e UIS Rating Curve (Single Pulse) 


e SOA is Power-Dissipation Limited DRAIN are 
(FLANGE)  ———— > SOURCE 
e Nanosecond Switching Speeds |__ DRAIN 
—O——— SSS GATE 
e Linear Transfer Characteristics L, <a 


High Input impedance 
¢ +175°C Operating Temperature 
¢ PSPICE Model 


_— Symbol 
Description y : 
D om 
The RFP7ONO3 (TA49025) N-Channel power MOSFET is = vi 
manufactured using the MegaFET process. This process, w ” 
which uses feature sizes approaching those of LSI = 2 
integrated circuits gives optimum utilization of silicon, Ic 
resulting in outstanding performance. They were designed G Ow 
for use in applications such as_ switching regulators, a 3 
switching converters, motor drivers, relay drivers and emitter re 
switches for bipolar transistors. These transistors can be 
operated directly from integrated circuits. s 
The RFP7ONO3 is supplied in the JEDEC TO-220AB plastic 
package. 
Absolute Maximum Ratings (T,. = +25°C), Unless Otherwise Specified 
RFP70NO03 UNITS 

RS SOUCS VOTANG isin suds on ee wi eo hiee Sheet cet erKeacebares ceadaneeegen Voss 30 V 
CPOs VONRIG sic hcdk ces Raves Op dae tae oeageetee Dee CHAR REO ee ECE RE VparR 30 V 
RSS OUICN VOUAGS <a 0eninesd akan catd CUSEe aN he eens nbOs ON Re eRE RETR RKO Ves +20 V 
Continuous Drain Current 

FIM COANMUOUS. 6405 eke ks KR EON NEE KNEE TACHE DEE EHERHE TET ERRT EDEN ES Ip 70 A 

Puised OfSIN CUTIE: c40¢cecc0 ares eoerenawas en Seneeweeenneentage ease uses lom 200 A 
eiigie Fuse AVAIARONS AGI 24 ccccd eens ee eee nceee een ens eh dws CM wae ee hE Eas (Refer to UIS Curve) 
Power Dissination 

To eG dk Ree WN RERE ORAS Eee ews HORRORS SORE OEE Ree eet eet eent Pp 150 W 

Above To = 425°C, Dereie LINGENY i acdeiss scceoes une s bag ecensoanerawsseess Py 1.0 WPC 
Operating 2nd Storage Junction Temperature Range ..............-2.0 eee eeee Ty, Tst¢ -55 to +175 a 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3404 
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Specifications RFP70N03 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Vop = 15V, Ip = 70A 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


On Resistance 


Turn-On Time 


S 
z 


x 
fe) 
p ais Db 


Turn-On Delay Time tp(on) Ry = 0.214Q, Ves = +10V 


Rise Time Res = 2.50 
Turn-Off Delay Time to(oFF) 
Fall Time 


Turn-Off Time 


ou 


FF 


Total Gate Charge 


Ves = 0 to 20V 
Ves = 0 to 10V 
QeTh) Ves = 0 to 2V 


PLaTEAU) | Ip = 70A, Vos = 15V 


Qecton 
Gate Charge at 10V 
Threshold Gate Charge 


Plateau Voltage 


N 
ao 


Input Capacitance 


Vos = 25V, Vag = OV 


Output Capacitance f = 1MHz 


Coss 


Reverse Transfer Capacitance Crss 


Thermal Resistance Junction to Case Rec 


S 
= 


Thermal Resistance Diode 
Junction to Ambient 


S 
= 


- ot 
ste] -t-f-fetefalafal |<] --fetetalet--] TE 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS SYMBOL TEST CONDITIONS 
Isp = 70A 
Isp = 70A, digp/dt = 100A/us 


Diode Forward Voltage V 


SD 
tar 


Reverse Recovery Time 
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RFP70ONO3 


CASE TEMPERATURE (Tc) = +25°C 


ee a Rs PO ee es 
=e see xSeaioiaiees ansamees meanes “ane CS Se GS 
ae 


300 


_ 
oO 
Oo 


OPERATION IN THIS 
AREA MAY BE 


DRAIN CURRENT (Ip) - AMPS 


MAX = 30V 


10 50 
DRAIN-TO-SOURCE VOLTAGE (Vps) - VOLTS 


FIGURE 1. SAFE-OPERATING AREA CURVE 


DRAIN CURRENT (Ip) - AMPS 


CASE TEMPERATURE (Tc) °C 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250us (Tc) = +25°C 


DRAIN CURRENT (Ip) - AMPS 


DRAIN-TO-SOURCE VOLTAGE (Vps) - VOLTS 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


300 


STARTING T, = +25°C 
STARTING T, = +150°C 


lpm 
Bx SST 
soo NSSF 


—— 4 =o 
ioaeiectne, Samet ott RE 
Cot TS 


“Smal 
eee eT | SO a= <1 or or 


cis ced 

FSS 

1R=0 ans att 
SINT 


tay = (L) (lasV(1 .3 xX RATED BVpss ° Vop) 
IfR 40 OL oe ee 
tay = (UR) In [(lag x RV(1.3 x RATED BVp5¢ - Vpp) +1] 
0.01 0.10 1.0 10.0 


TIME IN AVALANCHE (tay) - MILLISECONDS 


las - AMPS 


10 


FIGURE 2. UNCLAMPED INDUCTIVE-SWITCHING 


POWER DISSIPATION MULTIPLIER 


0 25 50 75 100 125 150 175 
CASE TEMPERATURE (Tc) °C 
FIGURE 4. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TURE DERATING CURVE 


PULSE TEST 
PULSE DURATION = 250s 
460| DUTY CYCLE = 0.5% MAX 


80 


ON STATE DRAIN CURRENT [I-on)] - AMPS 


0.0 2.0 4.0 6.0 8.0 10.0 
GATE-TO-SOURCE VOLTAGE (Vg¢s) - VOLTS 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFP7ONO3 


Ves z Vos Ip = 250A 


PULSE DURATION = 250ys, Vgs = 10V, Ip = 70A a 
2.0 E 2.0 
a 
> 
O 1.6 
Q 1. 
1.5 5 
z S 
% = 1.2 
a 1.0 =x 
TT} (79) 
N Ww 
| x 0.8 
< = 
s ca 
© 0.5 E 
Zz G 0.4 
oO 
N 
0.0 = 0.0 
-80 -40 0 40 80 120 160 200 ££ -80 -40 0 40 80 120 160 200 
JUNCTION TEMPERATURE (T,) - °C S JUNCTION TEMPERATURE (T,) - °C 


FIGURE 7. NORMALIZED rpgiony VS JUNCTION TEMPERATURE FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


Ip = 250nA Vas = OV, FREQUENCY (f) = 1MHz 


Lad 
=) 


_ 
co) 


bo 


0.8 


CAPACITANCE (C) - pf 


0.4 


NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVpss) - VOLTS 


0.0 
-80 -40 0 40 80 120 160 200 
JUNCTION TEMPERATURE (T,) - °C DRAIN-TO-SOURCE VOLTAGE (Vps) - VOLTS 
FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN FIGURE 10. TYPICAL CAPACITANCE vs VOLTAGE 
VOLTAGE vs TEMPERATURE 
10! 

> = 
uy 10° i" g 
pe 4 < ~ 
5 se ttt ar} = 
a esto riitit ae i Bao re re) © 
o HH meee: 2 7 
« AF hee ttt wy Q 

gull! 

2 igseety zai mt = 7 
= 1 071 weTTT 1-2 fe] w 
oc a. arr iit tt Po HH wo w 
bud D4 = 
F ie NOTES: < o 

ec 

‘inn 1. DUTY FACTOR, D = t,/t, 5 : 
in 2. PEAK Ty= Pom X (Zesc) +Tc Ls (REF) 
10% 104 102 = 1072 10°! 10° ~— 40! 20), (ACT) Lal Jill os 


RECTANGULAR PULSE DURATION (t) - SECONDS 


FIGURE 11. NORMALIZED MAXIMUM TRANSIENT THERMAL FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
IMPEDANCE CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260. 


4-764 


RFP7ONO3 


Ri 


Vps 


Ves 


DUT 


Res 


FIGURE 13. RESISTIVE SWITCHING TEST CIRCUIT. 


Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Ves 


FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 
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ton torr 
toon) tD(OFF) 
tr 
Vos 
10% 
90% 
Ves 50% 
PULSE WIDTH 
10% 


FIGURE 14. RESISTIVE SWITCHING WAVEFORMS 


FIGURE 16. UNCLAMPED ENERGY WAVEFORMS 
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RFP70NO3 


PSPICE Model for the RFP70N03 


.SUBCKT RFP70NO3 2 13; rev 9/16/92 
“Nom Temp=25 deg C 


CA 12 8 6.09e-9 
CB 15 14 6.05e-9 10 Dpicap 
CIN 6 8 3.40¢-9 > 2 
Ldrain DRAIN 

DBODY 7 5 DBDMOD , Rdrain break 
DBREAK 5 11 DBKMOD Esg (& 
DPLCAP 10 5 DPLCAPMOD 7 16 ¢ 

. II + 11 + 
EBREAK 117 17 18 35.4 — 21 mone Dbody 
EDS 148581 GATE _Lgate Rgate | ; 
EGS 13868 1 10 a Mos! Ebreak | - 
ESG6 10681 . 


EVTO 206 188 1 Rin Cin 


Lso 
IT8 171 8 Rsource urce - 
7 SOURCE 
LDRAIN 25 16-9 one f — 


LGATE 1 9 3.10e-9 12 13 «14 
LSOURCE 37 1.82e-9 8 13 17 18 


MOS1 16 6 8 8 MOSMOD M=0.99 13 Cb Rvto 
MOS2 16 21 8 8 MOSMOD M=0.01 Ca ‘t it 19 


RBREAK 17 18 RBKMOD 1 _ 
RDRAIN 5 16 RDSMOD 30.7e-6 #8 
RGATE 9 20 0.890 : ° 
RIN 6 8 1e9 

RSOURCE 8 7 RDSMOD 3.92e-3 

RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
S1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.605 


-MODEL DBDMOD D (IS=7.91e-12 RS=3.87e-3 TRS 1=2.71e-3 TRS2=2.50e-7 CJO=4.84e-9 TT=4.516-8) 
.MODEL DBKMOD D (RS=3.9e-2 TRS 1=1.05e-4 TRS2=3.1 1¢e-5) 

.MODEL DPLCAPMOD D (CJO=4.8e-9 IS=1¢e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=3.46 KP=47 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=8.46e-4 TC2=-8.48e-7) 

.MODEL RDSMOD RES (TC1=2.23e-3 TC2=6.566-6) 

MODEL RVTOMOD RES (TC1=-3.296-3 TC2=3.49e-7) 

-MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-8.35 VOFF=-6.35) 
.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-6.35 VOFF=-8.35) 
-MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.0 VOFF=3.0) 
.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=3.0 VOFF=-2.0) 


.ENDS 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFet Featuring Global Temper- 
ature Options; authored by William J. Hepp and C. Frank Wheatley. 
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on a RFG7ONO6 
SEMICONDUCTOR REP7ONO6 


N-Channel Enhancement-Mode 


August 1992 Power Field-Effect Transistors 
Features Packages 
e 70A, 60V TO-220AB 
TOP VIEW 
° DS(on) = 0.014Q 
UIS Rating C sional _ 

. g Curve (Single Pulse) (FLANGE) oo > >> SOURCE 
¢ SOA is Power-Dissipation Limited == ==> DRAIN 

| —_—_—E—X—  — GATE 


Nanosecond Switching Speeds 


e Linear Transfer Characteristics 
TO-247 


High Input Impedance TOP VIEW 
¢ +175°C Operating Temperature 
ypieieni Nesdl > SOURCE 
e Temperature Compensated SPICE Model Provided (TAB) 
| > DRAIN 
Description 


> GATE 
The RFG70ONO6 and RFP70NO6 N-Channel power MOSFETs are —. 

manufactured using the MegaFET process. This process, which 

uses feature sizes approaching those of LSI integrated circuits 

gives optimum utilization of silicon, resulting in outstanding ; . 

performance. They were designed for use in applications such as | /erminal Diagram 

switching regulators, switching converters, motor drivers, relay 


rr) 
ft 
7 u 
2» 
>) 
<= 
za 

re) 
0. 


drivers and emitter switches for bipolar transistors. These es 
transistors can be operated directly from integrated circuits. 
The RFG7ONO6 is supplied in the JEDEC TO-247 style plastic 
package and the RFP7ONO6 is supplied in the JEDEC TO-220AB 
plastic package. G 
Ss 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RFG70NO06, RFP70N06 UNITS 

CeIn SONGE VONEO es: 6.080 canee es itehentedaewe cddnaneseuwaans wae Voss 60 V 
Drain Gale VONAGE. s00 cs ces creas eee Reed eee Ree Kee wee eR eR Vocr 60 V 
ale SUINES VONMIA 265 di0ceeee ct cadseee chads esee einer pdevarends Ves +20 V 
Drain Current 

AMS CONUNUOUS 6460 cc cescen kone haed bade esse ee es KARO EP EERE OS Ip 70 A 

PURSE OUP CONSE cones cence dees ded coma eneneseee eee von same lpm 180 A 
Single Pulse Avalanche Rating oi .cc cscs case scse vues cunesnaceessewss Eas Refer to UIS Curve 
Power Dissipation 

TH 4 Cec sic ers sea e55s 6 DN ed TH TKO Es SE KKK E ROT EER DORE ERAS Pp 150 W 

Derate ABOVE $25 "So. wcun ce cavnnevenenssennssvenanewensstvieevesnezeversse 1.0 WwPC 
Operating and Storage Temperature .......... 0... cece eee ee eee Tstaly -55 to +175 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3206 
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Specifications RFG70N06, RFP70NO6 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


LIMITS 
SYMBOL TEST CONDITIONS 


Gate Threshold Voltage Vas = Vos Ip = 0.25mA 


Zero Gate Voltage Drain Current a To = +25°C 


CHARACTERISTIC UNITS 


Drain-Source Breakdown Voltage 


> 


Gate-Source Leakage Current 
Turn-On Time Fen Vop = 30V, Ip = 70A 
R, = 0.430, Ves = +10V 


Turn-On Delay Time tuion) Regs = 2.52 


> 


On Resistance 


_— 
> 


=| 


3 5 nS 


125 


Rise Time 


) 
Turn-Off Delay Time 


Fall Time 


> 
© 


215 


P 
§ 
= 
Q 


Total Gate Charge | Qyoy | Ves = OV to 20V | Von = 48V, 
Ip = 70A, 
Gate Charge at 10V | Oyo) Vas = OV to 10V | R, = 0.680 


Threshold Gate Charge Ves = OV to 2V 


Plateau Voltage Ip = 70A, Vpg = 15V 


£ 
Ko) 
S 
QO 


N 
= 
Q 


° . 


5 


Input Capacitance 


Vos = 25V, Vag = OV 
f = 1MHz 


3000 


tion 
on 
° 
Turn-Off Time bot 
Ciss 
oss 
Cres 


Reverse Transfer Capacitance 


Turn-Off Energy Loss per Cycle Vpp = SOV, Ip = 70A, 
L=0.21pH, R, = 0.432 
Ves = 10V, Res = 2.5Q 


Output Capacitance 


Thermal Resistance Junction to Case Rejc 


Rava 


o 

° 
QO 
= 


Thermal Resistance Junction to Ambient 


S 
= 


EL lstelal lefelel deleted LTE da 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Reverse Recovery Time tr Isp = 70A, digp/dt = 100A/ys po [= | 125 | ons 
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RFG7ONO06, RFP70N06 


ERATURE (To)=265 deg 


wo 
< a == ed 
ES ose) SE CE A EE eh OS S., Gees see ee en 
‘ ‘== ne Ls ele 0 ee a ae ee ee oe ee 
OEE 
as Sec oe 


OPERATION IN 
THIS AREA LIMITED aN 


& 
el 
cll ae oa 


| lvdele 
MAX=60V TTT 


Tas - AMPS 


a a EA i 
CTI SS SN saci dbo 
CUI [NUTT STARTING Tj= wniil| 
‘ie ‘ies 


DRAIN CURRENT (Id) 
S) 


1 100 ; 0.10 1 i> 
DRAIN-TO-SOURCE vO. TARE (Vde) - VOLTS TIME IN AVALANCHE (tav) - MILLISECONDS 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. UNCLAMPED INDUCTIVE SWITCHING 


- RMPS 


” 

tu 
ares 
2” 
z=O 
c= 
<= 
2% 
<= 
© 
a. 


POWER DISSIPATION MULTIPLIER 


DRAIN CURRENT (Id) 


76 100 12 1 r=) 7 100 12 
CASE TEMPERATURE (To) - degC CASE TEMPERATURE (Tc) - degC 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs. FIGURE 4. NORMALIZED POWER DISSIPATION vs. TEMPER- 
TEMPERATURE ATURE DERATING CURVE 


Vdd={5V 


PULSE DURATION=250ue To~=26degC 


200 es) 
= 
i. = 
gm 
< c 
: So 
o B 
= 12 p, 
; 
=z a 
¥ e 
_— : 
z am 
= 40 S 
i= | pe) 
= 
+9 
0 . z 
0.0 1.6 3.0 4.5 6.0 7.6 S < 0 ' 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS ° . GATE-TO- SOURCE VOLTAGE (Vge). - VOLTS 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFG7ONO6, RFP70NO6 


PULSE DURATION=250us Vgs=!0V Id=70A Vge-Vde Id=250uA 


3.0 2.0 
77 
= 
2.0 
S 1.8 
= a 
5 2.0 z 
e 
<a sae 1.2 
S 1.6 ne 
e w & 
> 
= =~ 0.8 
= 1.0 
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=z ~ 
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FIGURE 7. NORMALIZED rpgjon) VS. JUNCTION TEMPERATURE FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs. 


TEMPERATURE 
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FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN FIGURE 10. TYPICAL CAPACITANCE vs. VOLTAGE 


VOLTAGE vs. TEMPERATURE 


\ Of \ 
has: 


RL=-0.88 ohas 
Ig(REF )=2. 20aA 
Vge-10V 


60 


45 7.6 


Vas 


wt L: 


DRAIN SOURCE VOLTAGE (Vde) - V 
a 
° 

GATE SOURCE VOLTAGE (Vge) - V 


Ig(REF) Ig( REF) 
20-TecacTy «TIME Ct) - us eT GI 
FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR FIGURE 12. RESISTIVE SWITCHING TEST CIRCUIT 


CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RFG70ON06, RFP70N06 


Vos 


Vary tp to obtain 
required peak Ias 
Vos 


FIGURE 13. RESISTIVE SWITCHING WAVEFORMS FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


om 


FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
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RFG7ONO6, RFP70N06 


PSPICE Model For the RFG70N06, RFP70N06 


SUBCKT TA49007 2 13; rev 3/20/92 
“Nom Temp=25 deg C 


Ca 12 8 5.56e-9 

Cb 15 14 5.303e-9 - Dpicap 

Cin 6 8 2.63e-9 5% 

Ldrain DRAIN 

Dbody 7 5 DBDMOD - Rdrain Dbreak 

Dplcap 10 5 DPLCAPMOD Esg r) 

Dbreak 5 11 DBKMOD . 16 

Ebreak 117 17 18 65.1 Evia I a7 Mos2 Dbody 

Eds 148581 GATE __Lgate Rgate aN ae, 
0 rea - 

Egs 13868 1 1 - ae) =| Most 

Esg6 10681 


Evto 2061881 Rin Cin 


8 Rsource Lsource 
It817 1 ~ 2 


7 SOURCE 
Lgate 1 9 3.10e-9 lea aan 


Ldrain 2 5 1-9 12 13. «14 
Lsource 3 7 1.82e-9 eT T3 17 18 


Mos1 16 6 8 8 MOSMOD M=0.99 13 Cb Rvto 
Mos2 16 21 8 8 MOSMOD M=0.01 ie it 19 


Rbreak 17 18 RBKMOD 1 Eye CF) Eds GF) = Vbat 
Rdrain 5 16 RDSMOD 4.6593e-3 

Rgate 9 20 1.21 . ” 
Rin 6 8 1e9 

Rsource 8 7 RDSMOD 1.822e-3 

Rvto 18 19 RVTOMOD 1 


S1a6 12 13 8 S1AMOD 
S$1b 13 12 13 8 S1iBMOD 
S2a 6 15 14 13 S2AMOD 
S2b 13 15 14 13 S2BMOD 


Vbat 8 19 DC 1 
Vto 21 6 0.6977 


-MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-4.90 VOFF=-2.90) 

-MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.90 VOFF=-4.90) 

-MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3.20 VOFF=4.80) 

-MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=4.80 VOFF=-3.20) 

-MODEL DBDMOD D (IS=1.110e-12 RS=2.91e-3 TRS1=3.26e-3 TRS2=-5.07e-6 CJO=3.12e-9 TT=6.18e-8) 
.MODEL DBKMOD D (RS=9.46e-2 TRS1=8.47e-4 TRS2=-1.31e-6) 

-MODEL DPLCAPMOD D (CJO=1.92e-9 IS=1e-30 N=10) 

-MODEL MOSMOD NMOS (VTO=3.674 KP=38.507 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
-MODEL RBKMOD RES (TC1=9.55e-4 TC2=5.99e-8) 

-MODEL RDSMOD RES (TC1=5.01e-3 TC2=2.37e-5) 

-MODEL RVTOMOD RES (TC1=-3.71e-3 TC2=-6.01e-7) 


-ENDS 


Note: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFet Featuring Global. 
Temperature Options; authored by William J. Hepp and C. Frank Wheatley. 
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co? HARRIS RFG75NO5E 
RFH75NO0O5E 


N-Channel Enhancement-Mode 


January 1993 Power Field-Effect Transistors (MegaFETs) 
Features Package 
TO-218 
+ 7S, SON TOP VIEW 


* DS(on) = 0.0082 
e Electrostatic Discharge Rated 


e UIS SOA Rating Curve (Single Pulse) 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance TO-247 
e +175°C Operating Temperature TOP VIEW 


* Temperature Compensated SPICE Model Provided 


Description 


The RFG75NO5E and RFH75NO5E n-channel ESD rated power 
MOSFET’s are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, resulting in 
outstanding performance. They were designed for use in Terminal Diagram 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers and emitter switches for bipolar 
transistors. These transistors can be operated directly from 
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= ee 
gu 
za 
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N-CHANNEL ENHANCEMENT MODE 


integrated circuits. D 
The RFG75NO5E is supplied in the TO-247 style (3 lead) plastic 
package and the RFH75NO5E is supplied in the TO-218 (3 lead) 
plastic package. 
G 
S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFG75NO5E 
RFH75NO5E UNITS 

Draln-Sowee VOREGG . csc svces esau naw se cas ses wad en ne OZ eae Ge Voss 50 V 
Drain-Gate Voltage (RGS =1MO)..........e cece eee cece eeeeaes VDGR 50 Vv 
COnnnaus DIN GUNS ias ae new tease end psa eHs th one eed RenEee os ID fee A 
Poised Distt Cur Gitiea isc canes nee ed bee We kds Cee eee ae Hee DROSS IDM 200 A 
Gate-Source Voltage 2 sic sucess caenen res wsinewesse nae seene ne Ves +20 V 
Maximum Power Dissipation 

Nictekes't.¢ PTO ETRE ECE TE CTETETCRTETCCTCLTCT TET ETEC TET ee Pp 240 W 

Bernted AbGVe 42696. ssccccsesse canaeane sn abate ved eee deneeenees 1.6 W/°C 
Operating and Storage Junction Temperature Range......... Tuya: TstG -55 to +175 oC 
Electrostatic Discharge Rating 

MIL-S1D-68S, Category Bl) ccc cccccevavesusveaen caweecus vas Esp 2 kV 
Single-Pulse Avalanche Rating Refer to UIS SOA Curves 
*Ip Current Limited by Package 

Caution: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2275.3 


Copyright © Harris Corporation 1992 
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Specifications RFG75NO5E RFH75NO5E 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTICS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source BVpss Ip =0.25mA, Ves = OV V 
Breakdown Voltage 
Gate Threshold VGS(th) Ves=Vps V 
Voltage Ip =0.25mA 
Drain C t 
Gate-Source less Vas = +20V 
a Current 
Vpp = 25V, Ip = 37.5A 
Turn-On Delay Time ae RL =0.672 


fRiseTime = Time | ty Ig =1G2=3A 


Peer Off Delay Time td(off) VGS(clamp) = +10V, -0.6V 


Fall Time 


Fssvmee | Wag n= ronvogeese ffs fv 


Turn-Off Energy Eott Vpop = 25V, Ip = 37.5A, IGg1 =IGq2=3A 
Loss per Cycle VGS(clamp) = +10V, -0.6V, L = 0.2H, 
Ry = 0.672. 
Thermal Resistance Roc °C/W 
Junction to Case 
Thermal Resistance Diode RaJA 
Junction to Ambient 


Source-Drain Diode Ratings and Characteristics 


LIMITS 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Ferwaravorese | veo [iwo=rea SSCS SY dt 
ReverseRecowentine | __w __[¥=7eAawanoonme | = | - | 8 | 


CASE TEMPERATURE (Tc)=25 degC 
Id MAX CONTINUOUS Ss ee eee es ees ot lo 


OPERATION IN THIS MRK 
AREA LIMITED BY Rde(on)| | 


——— 
(ERR) (SEE PEE] RY (RAN GN A] (i RE eee! 


——T —a a oa 

a es ee 

sae eee eel ee 
ee eI _— JAstarting T) = 26degt 
a Ss LV LIStarting Tj] = !50degC 
LZ bel oe) a 
== See 


& “E85 
ee 
= a, “Hh 7 


Ht 


Ias - AMPS 


DRAIN CURRENT (Id) - AMPS 


Vdss 
wrxcsoy | 
0.0! 0.10 1.00 10.00 I 


TIME IN AVALANCHE Ctav) - MILLISECONDS DRAIN-TO-SOURCE WOLTABE (Vds) - VOLTS 


FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING SOA FIGURE 2. SAFE-OPERATING-AREA CURVE. (CURVES 
(SINGLE PULSE UIS SOA) MUST BE DERATED LINEARLY WITH INCREASE 
IN CASE TEMPERATURE) 
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RFG75NO5E RFH75NO5E 


Performance Curves 
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CASE TEMPERATURE (Tc) - degC CASE TEMPERATURE (To) - degC 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT VS. FIGURE 4. NORMALIZED POWER DISSIPTION VS. 
TEMPERATURE TEMPERATURE DERATING CURVE 
= 
Vdd >> Id x Rdson _j Ww 
a uj u. 
= = YU) 
t z fe) 
a - c= 
z E fi 
7 = zs 
2 iad oO 
er = a. 
a z 
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z S 
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= ve) 
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= 
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DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS GATE-TO-SOURCE VOLTAGE (Vgs) - VOLTS 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
45 Vge=!0V Id=75A 
2.0 Vgse-Vde Id=-250uA 
a6 z 
2 S 1.6 
SS Zu ro) 
2 Fa] 
- a 1.2 
z a3 
= 1.0 eo Ses 
= a 
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0.0 0.0 
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JUNCTION TEMPERATURE (Tj) - degl JUNCTION TEMPERATURE (TJ) - degC 
FIGURE 7. NORMALIZED rpsjon) VS. JUNCTION FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE 
TEMPERATURE 
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RFG75NO5E RFH75NO5E 


Performance Curves (Continued) 


NORMALIZED ORAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (8Vdes) - VOLTS 


Id=250uA 
2.0 


a 


°o 


0.0 
~B0 0 50 100 150 200 
JUNCTION TEMPERATURE (TJ) - degC 


FIGURE 9. NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE VS. TEMPERATURE 


Vdd=Vdes /f 


Vde - V 


Lg: 2syae 
Lg: 2syae 
0.26Vdes 
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Ig(REF) 


20 eS eaCTY TgCACT) 
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¢ 
pou SOURCE 


VOLTAGE 
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ee Nee 

os 
NGL lai 


Time - us 


CAPACITANCE (C) - pf 
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DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 


FIGURE 10. TYPICAL CAPACITANCE VS. VOLTAGE FOR 
ALL TYPES 


RL=0.8667 ohme 
Ig(REF)=3.44mA 
Vge-!0V 


\ 


, Vdd=Vdes 


N. 


i 


0.75Vdee | } 
0. 78Vde0}) 
0.25Vdss 


9 [gCREFF) 
° TgcAcT 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE-CURRENT. 
(REFER TO HARRIS APPLICATION NOTES AN-7254 AND AN-7260) 


VpO 


Ry 


3 LEAD 
SWITCHING TEST CIRCUIT 


SWITCHING WAVEFORMS 


FIGURE 12. RESISTIVE SWITCHING 
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RFG75NO5E RFH75NO5E 


Performance Curves (Continued) 


Vos 


VARY t, TO OBTAIN 


REQUIRED PEAK Ins aur 


Rg 


Vgs 0 —'p 


FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 


Spice Model 


SUBCKTRFH75NO5 2 1 3 ; rev 10/30/90 
*Nominal Temperature = 25°C 

CchargeA 12 8 8.98e-9 

CchargeB 15 14 8.81e-9 


Cin 6 8 4.48e-9 10 ; oa - 
Depletion_cap 10 5 DPLCAPMOD : Ldrain ~2 cod 
Dbody 7 5 DBODYMOD Oe dalle eo UG 
Dbreak 5 11 DBREAKMOD Eag (4) teach Se < 2 
Eds 14 8 5 8 1 Evto + 18 Ie 
Egs 13 8 6 8 1 GATE Rgate | _ P 11| 2s Dbody O ul 
Esg 6 10 6 8 1 1 Tgate n Mos zs 
Ebreak 11 7 17 18 58.4 Ri ; Ebreak(iq) je) 
Evto 20 6 18 8 1 a Cin = 
Ipos 8 17 1 g | Rsource Lsource 

Ldrain 2 5 e-10 e 

Lgate 1 9 5e-9 . SOURCE 

Lsource 3 7 3e-9 

Mos 16 6 8 8 MOSMOD 2 Siad 6 S2a . a 

Rbreak 17 18 RBREAKMOD 1 yO PO Sn 

Rdrain 5 16 RSOURCEMOD 3.07e-3 = = 

Rgate 9 20 1.2 SIby 7526 

Rin 6 8 1e9 (4) ipos Rvto 

Rsource 8 7 RSOURCEMOD 2.e-3 asic sal mecllet aaks ie 10 

Rvto 18 19 RVTONEGMOD 1 

Sia 6 12 13 8 S1AMOD Egs(f) Eds(4 | ii 


Sib 13 12 13 8 S1BMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.48 VOFF=-0.48) 
MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-0.48 VOFF=-2.48) 
MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.25 VOFF=2.75) 

MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=2.75 VOFF=-2.25) 

MODEL DBODYMOD D (IS=2.23e-12 RS=249e-3 TRS1=2.5e-3 CJO=7.55e-9 TT=4e-8) 
MODEL DBREAKMOD D (RS=8e-2 TRS1=2.5e-3) 

.MODEL DPLCAPMOD D (IS=1e-30 N=10 CJO=2.14e-9) 

MODEL RBREAKMOD RES (TC1=9.5e-4 TC2=-1.17e-6) 

MODEL RSOURCEMOD RES (TC1=5.2e-3 TC2-1.37e-5) 

MODEL RVTONEGMOD RES (TC1=-3.78e-3 TC2=-7.51e-7) 

MODEL MOSMOD NMOS (VTO=3.48 N=10 IS=1e-30 KP=78.5 TOX=1 L=1tu Wtu) 
ENDS 


™ HARRIS RFA1OONO5E 


N-Channel Enhancement-Mode 


January 1993 Power Field-Effect Transistor (MegaFET) | 
Features Package 
MO-093 
e 100A, 50V TOP VIEW 


* rDS(on) = 0.00822 RAT 
e Electrostatic Discharge Rated i 


e UIS SOA Rating Curve (Single Pulse) 


=—N@OAM 


e SOA is Power-Dissipation Limited 


nee TERMINAL CONNECTIONS 
¢ Nanosecond Switching Speeds 


1 - Gate 
e Linear Transfer Characteristics = = Source hewn 
3 - Drain Kelvin 
e High Input Impedance = = Soe 
5 - Source Current 
© +175°C Operating Temperature 
e Temperature Compensated SPICE Model Provided Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 
Description . 
D 
K 
The RFA1OONO5E n-channel ESD rated power MOSFET is 
manufactured using the MegaFET process. This process, which 
uses feature sizes approaching those of LSI integrated circuits, 
gives optimum utilization of silicon, resulting in outstanding é 
performance. They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. SS Sx 
The RFA1OONO5E is’ supplied in the MO-093 plastic 
ackaqge. 
Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified 
RFA1OONOS5E UNITS 
Drain-Source Voliage sas ccscvsecnsseecewseswenneramns ew ewe ns Voss 50 V 
Drain—-Gate Voltage (REG 1 MEE): csccavecacscnnescascacanases VDGR 50 V 
COminueus DP CUNTGNL. sivcaseceutcoc ces nue senesteee canes ose 50 Ip 100 A 
Pulsed DIGIN CUNGNE. cc sinus oxcedne canes Seandetn ens ea enaees ous IDM 300 A 
trate Source VONEIE i. cccdccccerdse eines aseressasiseseuass adn Ves +20 V 
Maximum Power Dissipation 
TG 8 vinx excancaedecescavnw sn an ea kanwkawadnieteiens Pp 240 Ww 
erator Alive 25°C « cx ccc cde cbecaticsies soeveeseencct eek ceuass uses 1.6 W/°C 
Operating and Storage Junction Temperature Range......... Tyc, TSTG -55 to +175 °C 
Electrostatic Discharge Rating 
WMIL=S1-883, Category B(2Z) «ccccsccccs ccesoutsaveneasse sass Esp 2 kV 
Single-Pulse Avalanche Rating Refer to UIS SOA Curves 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications RFATOONO5SE 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


CHARACTERISTICS SYMBOL TEST CONDITIONS a UNITS 
Drain-Source BVpss Ip =0.25mA, Ves = OV 50 V 
Breakdown Voltage 
Gate Threshold VGSi(th) Vas= Vos 
Voltage Ip =0.25mA 


Zero Gate Voltage IpDss Vos =40V, Vas = OV Fo - | - | 1 [ wa 
Drain Current 
To=#1500C St ee ae 


Gate-Source lass Vas = +20V 100 
——— Current 


fTum-OnTime Vpp = 25V,!p = 50A 


Turn-On re OE Time le = 0.502 


Rise fRiseTime | ty gt =IG2=3A 


Turn- PT Delay Time ed VGS(clamp) = +10V, -0.6V 


Fall Time 


Turn-Off Energy Eott Vpp = 25V, Ip = 50A, IG1 =!IG@2 = 3A 500 pJ 
Loss per Cycle VGS(clamp) = +10V, -0.6V, L=0.2uH, 
R_ =0.50 
Thermal Resistance RgJc 0.625 °C/W 
Junction to Case 
Thermal Resistance Diode RQJA 
Junction to Ambient 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 
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X=60V 
10 { 
0.01 0.10 1.00 10.00 | 10 100 
TIME IN AVALANCHE Ctav) - MILLISECONDS DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 
FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING SOA FIGURE 2. SAFE-OPERATING-AREA CURVE. (CURVES 
(SINGLE PULSE UIS SOA) MUST BE DERATED LINEARLY WITH INCREASE 


IN CASE TEMPERATURE) 
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RFA 1O0ONO5E 


Performance Curves 


NORMALIZED RdsCon) 


DRAIN CURRENT (Id) - AMPS 


76 100 126 
CASE TEMPERATURE (Tc) - degCf 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT VS. 


TEMPERATURE 


DRAIN CURRENT (Id) - AMPS 


0 
0.0 1.5 3.0 4.5 6.0 7.5 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


Vgs-!0V Id={00A 
3.0 s@-10V I 


0.0 
-50 0 50 100 150 200 
JUNCTION TEMPERATURE (TJ) - degC 


FIGURE 7. NORMALIZED rpsjon) VS. JUNCTION 
TEMPERATURE 
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POWER DISSIPATION MULTIPLIER 


“oO 25 50 76 100 125 150 175 
CASE TEMPERATURE (To) - degC 


FIGURE 4. NORMALIZED POWER DISSIPTION VS. 
TEMPERATURE DERATING CURVE 


Vdd >> Id x Rdson 


ON-STATE ORAIN CURRENT [Id€on)] - AMPS 


2 4 6 
GATE-TO-SOURCE VOLTAGE (Vgs) - VOLTS 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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NORMALIZED GATE THRESHOLD VOLTAGE 


~50 0 50 100 150 200 
JUNCTION TEMPERATURE (TJ) - degC 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE 


RFA 1O0ONO5E 


Performance Curves (Continued) 
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JUNCTION TEMPERATURE (Tj) - degC DRAIN-TO-SOURCE VOLTAGE (Yde) - VOLTS 
FIGURE 9. NORMALIZED DRAIN-TO-SOURCE FIGURE 10. TYPICAL CAPACITANCE VS. VOLTAGE FOR 
BREAKDOWN VOLTAGE VS. TEMPERATURE ALL TYPES 


RL=0.5 ohms 
Ig(REF)=3.44mA 
Vgs-l0V 
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FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE-CURRENT. 
(REFER TO HARRIS APPLICATION NOTES AN-7254 AND AN-7260) 
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5 LEAD 
SWITCHING TEST CIRCUIT SWITCHING WAVEFORMS 


FIGURE 12. RESISTIVE SWITCHING 
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RFA1O0ONO5E 


Performance Curves (Continued) 


VARY t, TO OBTAIN 
REQUIRED PEAK hag 


Vgs 0 eS 


UIS TEST CIRCUIT. 


FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT 


Spice Model 


SSUBCKT RFA100NO5 6 1 
*Nominal Temperature = 25°C 
CchargeA 12 8 8.98e-9 
CchargeB 15 14 8.8e-9 
Cin 24 8 4.48e-009 
Depletion__cap 10 21 DPLCAPMOD 

Dbody 7 21 DBODYMOD 

Dbreak 21 11 DBREAKMOD 

Eds 14 8 21 8 1 

Egs 13 8 24 8 1 

Esg 24 10 24 8 1 

Ebreak 11 7 17 18 58.4 GATE 
Evto 20 24 18 8 1 ne 
Ipos 8 17 1 

Ldkelvin 3 23 1e-9 

Ldrain 6 21 2e-10 

Lgate 1 9 5e-9 

Lskelvin 2 7 5e-9 

Lsource1 4 22 6e-9 

Lsource2 5 25 6e-9 

Mos 16 24 8 8 MOSMOD 

Rbreak 17 18 RBREAKMOD 1 

Rdrain 21 16 RSOURCEMOD 2.74e-3 

Rgate 9 20 1.2 
Rkdrain 23 21 
Rksource1 7 22 
Rksource2 7 25 
Rin 24 8 1e+9 
Rsource 8 7 RSOURCEMOD 
Rvto 18 19 RVTONEGMOD $1 
Sia 24 12 13 8 S1AMOD 
Sib 13 12 13 8 S1BMOD 
$2a 24 15 14 13 S2AMOD 
S2b 13 15 14 13 S2BMOD 
Vbat 8 19 DC 1 

MODEL S1AMOD VSWITCH 
MODEL S1BMOD_ VSWITCH 
MODEL S2AMOD_ VSWITCH 
MODEL S2BMOD VSWITCH 
MODEL DBODYMOD D 
MODEL DBREAKMOD D 
MODEL DPLCAPMOD D 
MODEL 
MODEL 
-MODEL 
MODEL 
LENDS 


4 5 3 2 ; rev10/30/90 


0.33e-3 
1.6e-3 
1.6e-3 


1.2e-3 


(RON=1e-5 
(RON=1e-5 
(RON=1e-5 
(RON=1e-5 


ROFF=0.1 
ROFF=0.1 
ROFF=0.1 
ROFF=0.1 


(RS=8e-2 TRS1=2.5e-3) 


MOSMOD NMOS (VTO=3.48 N=10 


Lgate ° 


E y 
Sib o 


UIS WAVEFORMS. 


FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 
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_|10 Rdrain Ldrain DRAIN 


18 <7 
24 Mos "! 
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ae Ebreak(i4) & 
Rin Cin 
Rksource | 


Rsource 
Slad 4S Lsource 1 
2 


2a 
15 22 C) 4 
i SOURCE 
Y $2b a ‘0 
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hi; 


CchargeA | CchargeB 


Egs(#) Eds (#) a 18 
~ 19 


23 
Depletion_cap Rkdrain 


Esg 


Rgate Evto + 


Lakelvin 
Rksource2 


VON=-2.48 VOFF=-0.48) 
VON=-0.48 VOFF=-2.48) 
VON=-2.25 VOFF=2.75) 
VON=2.75 VOFF=-2.25) 
(IS=2.23e-12 RS=2.5e-3 TRS1=2.5e-3 CJO=7.55e-9 TT=4e-8) 


(IS=1e-O30 N=10 CJO=2.14e-9) 

RBREAKMOD RES (TC1=9.5e-4 TC2=-1.17e-6) 

RSOURCEMOD RES (TC1=5.2e-3 TC2-1.37e-5) 

RVTONEGMOD RES (TC1=-3.78e-3 TC2=-7.5e-7) 

IS=1e-030 KP=78.5 TOX=1 


L=1u W1u) 
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IRFP9142/P9143 
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2N6804 


Avalanche-Energy-Rated 


August 1991 P-Channel Power MOSFETs 
Features | Package 
e -11A, -100V LcRnigtaiiets 


BOTTOM VIEW 


e DS(on) = 0.302 


; DRAIN 
3 
¢ Single Pulse Avalanche Energy Rated SOURCE 4 (FLANGE) 
¢ SOA is Power-Dissipation Limited ‘O- 
e Nanosecond Switching Speeds ) is. O 
e Linear Transfer Characteristics 
© High Input Impedance GATE 
Description 
The 2N6804 is an advanced power MOSFET designed, tested, and | Terminal Diagram 
guaranteed to withstand a specified level of energy in the breakdown 
avalanche mode of operation. This is a p-channel enhancement- P-CHANNEL ENHANCEMENT MODE 
mode silicon-gate power field-effect transistor designed for 
applications such as switching regulators, switching converters, D 
motor drivers, relay drivers, and drivers for high-power bipolar ” 
switching transistors requiring high speed and low gate-drive power. 4 i 
This type can be operated directly from integrated circuits. wi Oo 
4 
The 2N6804 is supplied in the JEDEC TO-204AA steel package. G = g 
Le 
as 
a. 
Ss Oo 
a. 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
2N6804 UNITS 
DIGIR“~SOUIGO VONEGS ox scccsewscncnwene ciwas seus weer nee eames ees Vos -100* V 
Drain~Gate Voltage (Rog = 2OK92) «0c. acscscccccescsessucessncnee VDGR -100* V 
Continuous Drain Current 
TG PROG nase sins naw keavdesancaneeeuatnrenneensuee canes yenss Ip -~11* A 
TG F100, 64 ve cents ccusvansennnswesesureveduyenesoee magma i Ip ~70* A 
Puised Drain Current (Note 2) acc cseccscsseancdes sends cuase oneanes IDM -50* A 
ete" SOUICS VONAGE sfictecrecsnwnnae des aaswedeedaeasdnen Reames Ves +20* Vv 
Maximum Power Dissipation 
Tey 425°C (B66 Figure 14) ca snensvevnvars vececwona seo newaeunenn Pp 75* WwW 
Above To = +25°C, Derate Linearly (See Figure 14) ............eeee eens 0.6* Ww/°C 
Single Pulse Avalanche Energy (Note 3) ........... ccc ee eee cece cence Eas 500 mJ 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150* oC 
Maximum Lead Temperature for Soldering .............0ceeeeeceeeeee TL 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
*JEDEC registered values 
1. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


2. Repetitive Rating: Pulse width limited by maximum junction temperature, 
See Transient Thermal Impedance Curve (Figure 5). 

3. Vop = 25V, Starting Ty = 25°C, L = 6.2mH, Rg = 25N, Peak |, = 11A, 
(See Figure 15 and 16). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


File Number 2217 
Copyright © Harris Corporation 1991 : be 
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Specifications 2N6804 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


Parameter 
BVpss Drain-Source Breakdown Voitage | 
Ve@s(th) Gate Threshold Voltage 
Igss Gate-Source Leakage Forward 


loss Gate-Source Leakage Reverse 


loss Zero Gate Voltaga Drain Current 


VDS\(on) On-State Drain Current © -11" S| Vps > ID(on) x Rps(on) max., V@S = -10V 


ne 
Rpsi(on) ‘Static Drain-Source On-State Q Vas = -10V, Ip = -6.5A 
; Resistance © 
GOfs Forward Transconductance © | 20 | 37 | -— | S(0) Vos > 'pion) * Rosion) Max. Ip = -6.5A 
Gice Input Capacitance | 500 | | Vag = OV, Vpsg = -25V,f = 1.0 MHz 


Coss Output Capacitance See Fig. 10 


Crss Reverse Transfer Capacitance 


ta(on) Turn-On Delay Time Vpop = -35V, Ip = -7.0A, Z> = 500 


tr Rise Time See Fig. 17 


ta(off) Turn-Off Delay Time (MOSFET switching times are essentially 

; independent of operating temperature.) 

ty Fall Time 

Qg Total Gate Charge GS = -—15V. Ip = -15A, Vos = 0.8 Max. Rating. 
(Gate-Source Plus Gate-Drain) See Fig. 18 for test circuit. (Gate charge is essentially 


independent of operating temperature. 
Q 2 nC 


gd Gate-Drain (‘‘Miller’’) Charge | if | 2 | nc | 
Internal Drain Inductance — nH Measured between Modified MOSFET 
the contact screw on symbol showing the 
header that is closer to| internal device 
source and gate pins inductances. 
and center of die. 


Lp 
Internal Source Inductance ; Measured from the b-— \ 
source pin, 6 mm ag. ust 
(0.25 in.) from header Ls 
and source bonding 
pad. 


Thermal Resistance 


BH 
Rgcs Case-to-Sink fo | oF Mounting surface flat, smooth, and greased. 
R gua Junction-to-Ambient Fo o-— | = | Typical socket mount 


Source-Drain Diode Ratings and Characteristics 


Ce [mm [te roa ona 


Is Continuous Source Current -11° Modified MOSFET symbol 
(Body Diode) showing the integral 
reverse P-N junction rectifier. © 
=—- : 


Oo 


(Tsu Puke Sorc Goran taayBoamy@ [= [= [| -# [A 
Te Reese Recon tne || RO P| BC = “TA let = 00 


ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


“JEDEC Registered Value 
@ Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 
@) Repetitive Rating: Pulse width limited by max. junction temperature, See Transient Thermal impedance Curve (Fig. 5). 


Voo ~~ 25V, Starting T, = 25°C, L = 6.2 mH, 
R, 2502. Peak I, = 11 A, (See Fig. 15 and 16). 


2N6804 


80 uS PULSE TEST 
Vos > !p(on) * RDS(on) max. 


a a 
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0 -10 -20 -30 -40 -50 
Vps,. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos. GATE-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43288 92CS-43289 
Fig. 1 - Typical Output Characteristics Fig. 2- Typical Transfer Characteristics 
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Ty = 150°C 
Royc = 1.67 °C/W 
SINGLE PULSE 


Ip, ORAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92CS-43290 92CS-43301 


Fig. 3 - Typical saturation characteristic. Fig. 4 - Maximum safe operating area. 


SE elit I a LL 
z tc EC Se ne ann 
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az 
222. == att 
of wei mes ———_aeeennl 
298 Ce eh _ 
2s ; = 
Ct 0.05 Roe rot = E] 1. DUTY FACTOR, D = ty/t 
eu Zz a 2. PER UNIT BASE = R 
Nuz mame SINGLE PULSE (TRANSIENT+ ++ +++ + + = 1.67 DEG. c/w. OPC 
BOTT ae ee ae | a Te 
-o.o1, || | [IT |] Titi [7 [iii TT Titi 7) = Pom: Ze@ucit)- Reuc 
10-5” 5 40-4 ? 5 40-3 ? 5 40-2? S 40-1? 5 40 =? > 40 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


92CM- 43302 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 


2N6804 
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Vos > !pion) * RDS(on) max. 
80 pS PULSE TEST 
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0.4 -06 -08 =10 1.22 -1.4 -16 =1.8 
Ip, DRAIN CURRENT (AMPERES) Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


92CS-43293 92CS-43270 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


BVpss. DRAIN-TO-SOURCE BREAKDOWN 
VOLTAGE (NORMALIZED) 
Rps(on); DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


92CS-43294 92CS-43303 


Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


Ves =0 

f= 1 MHz 
Ciss = Cgs + Cod. Cqgs SHORTED 
Crss = Cga 


Ip=-15A 
FOR TEST CIRCUIT 
SEE FIGURE 18 


Cgs Cga 
Cgs + Cgd 
&Cqs + Coq 


Coss = Cds + 


C, CAPACITANCE (pF) 


Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
92CS-43296 92CS-43297 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


2N6804 
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RESISTANCE (OHMS) 
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Rpsion) MEASURED WITH CURRENT PULSE OF 2.0 uS 
DURATION. INITIAL Ty = 25 °C (HEATING 
EFFECT OF 2.0 uS PULSE IS MINIMAL) 
0 -10 —20 —30 -40 —50 
Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
92CS-43298 92CS-43304 


Fig. 13 - Maximum drain current vs. case temperature. 
Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 15 - Unclamped inductive test circuit. 


Pp, POWER DISSIPATION (WATTS) 


oO 20 40 60 80 100 120 140 160 180 190 
Tc, CASE TEMPERATURE (°C) 


92CS-43305 


Fig. 14 - Power vs. temperature derating curve. 


BVpss 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 


-Vps 
O ISOLATED 
CURRENT SUPPLY 
REGULATOR 6 
PULSE WIDTH i COMPLEMENT 
12V OF DUT 


VGS (ON) +10V 
INPUT 50 % 50 % 


VGS (OFF) OV 


INPUT PULSE 
RISE TIME INPUT PULSE FALL TIME 
tg (on) tr tg (off) tr 
OUTPUT O+Vps 
IG Ip 
VDS (ON) CURRENT CURRENT 
’ SAMPLING SAMPLING 
alana RESISTOR RESISTOR 
92CS-43307 
Fig. 17 - Switching time test circuit. Fig. 18 - Gate charge test circuit. 
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2N6849 


Avalanche-Energy-Rated 


August 1991 P-Channel Power MOSFETs 
Features Package 
TO-205AF 
eee ae BOTTOM VIEW 
e rDS(on) = 0.3020 
e Single Pulse Avalanche Energy Rated GATE 
; sees a SOURCE 
© SOA is Power-Dissipation Limited 0 
e Nanosecond Switching Speeds 5 
e Linear Transfer Characteristics DRAIN 
(CASE) 
® High Input Impedance 
Description 
The 2N6849 is an advanced power MOSFET designed, tested, and | Terminal] Diagram 
guaranteed to withstand a specified level of energy in the breakdown 
avalanche mode of operation. This is a p-channel enhancement- P-CHANNEL ENHANCEMENT MODE 
mode _ silicon-gate power field-effect transistor designed for 
applications such as switching regulators, switching converters, D 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
This type can be operated directly from integrated circuits. 
The 2N6849 is supplied in the JEDEC TO-205AF (Low Profile rd 
TO-39) metal package. 
S 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6849 UNITS 
Dir SONGS WRNAGS <s0ca cde nsrusndoes uwensdeweaswadiepte aedewe Vos -100* V 
Drain-Gate Voltage (Rag = 20K)... wscnnaercdsene sence us see nee xe VDGR -100* V 
Continuous Drain Current 
Tec soesags ess pudeaaece nee peeedsdicwencencate censor es Ip -6.5* A 
Ve GI ve ha ec ns ner ewarenn en awataseceveniccsnesedeteons ID -4.1* A 
PU6Ed Dein CUPEnRINOG 2) ccsssves txcvseedeesensese urban naw Guns IDM =25" A 
Gate-Source VONAge cc iss cance cas csvesee ves eresnasns ca one ane eee Vas +20* V 
Maximum Power Dissipation 
Te @425°C (S66 Figure 14) 20 cocns seven nde nme exendows cen vax erens Pp 25" WwW 
Above Tc = +259C, Derate Linearly (See Figure 14) ............c cee eee 0.2* W/9C 
Single Pulse Avalanche Energy (Note 3) ......... cece cece eee n eens Eas 500 mJ 
Operating and Storage Junction Temperature Range............ Ty TSG -55 to +150* oC 
Maximum Lead Temperature for Soldering ............cccceeeceeeeees Ti. 300 °C 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
*JEDEC registered values 
1. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 
2. Repetitive Rating: Pulse width limited by maximum junction temperature, 
See Transient Thermal Impedance Curve (Figure 5) 
3. Vpp = 25V, Starting Ty = 25°C, L = 17.25mH, Rg = 252, Peak 
I = 6.5A, (See Figure 15 and 16) 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 921 9 


Copyright © Harris Corporation 1991 
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Specifications 2N6849 


Electrical Characteristics @ Tc = 25°C (Unless Otherwise Specified) 


Mi 
PC 
less GeteSauco tanane Rowse f= | = | | 


loss Zero Gate Voltage Drain Current 


S(O) Vos = -SV, ID(on) x RpSvon) max., Ip= -4.1A 


Ves = OV, Vpg = -25V, f = 1.0 MHz 
See Fig. 10 


Vps(on) On-State Drain Voltage © 


Rps(on) _ Static Drain-Source On-State 
* Resistance O 


ad 
on 


Ciss Input Capacitance 
Coss Output Capacitance 
Crss Reverse Transfer Capacitance 


Ofs Forward Transconductance © 2.5 


Vop = -42V, Ip = -4.1A, Z = 500 


td(on) Turn-On Delay Time 
ta(otf) Turn-Off Delay Time 
t¢ Fall Time 


Qg Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


Qgs Gate-Source Charge 
Qgq Gate-Drain (‘‘Miller’’) Charge 
Lp 


See Fig. 17 


(MOSFET switching times are essentially 
independent of operating temperature.) 


NM 
on 
> 
on 


Ves = —15V, Ip = -15A, Vpg = 0.8V Max. Rating. 
See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 


—_ 
w 
nm 
w 


— 
nm 
ine) 
: 


p=) 3 = | =) 


Internal Drain Inductance 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 


Measured from the 
drain lead, 

5mm (0.2 in.) 

from header to 
center of die. 


NI ON 


Measured from the 
source lead, 5 mm 
(0.2 in.) from header 
to source bonding 
pad. 


Internal Source Inductance 


_ 
8 
| 
= 
a 


Thermal Resistance 


Source-Drain Diode Ratings and Characteristics 


OO ro Gone 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. G 


Pulse Source Current (Body Diode) ® Fo —- | -— | -e [| A | 

Diode Forward Voltage ® fF =- {| =— | a5 [ Vv | To = 25°C, Ig = -6.5A, Veg = OV 

be Reverse Recovery Time fF — {| -— | 20 | ons | Ty = 25°C, Ip = -6.5A, di/dt = 100 A/us 
QrrR Reverse Recovered Charge Fo = | 18 f -— [ we | Ty = 25°C, Ip = -6.5A, dig/dt = 100 A/us 


Is Continuous Source Current 
(Body Diode) 


ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 
*JEDEC Registered Value @ Vop = 25V, starting Ty = 25°C, L = 17.25 mH, 
@ Pulse Test: Pulse width < 300us, Duty Cycle = 2%. Re = 252, Peak I. = 6.5A. (See Fig. 15 and 16) 


@ Repetitive Rating: Pulse width limited by max. junction temperature. 
See Transient Thermal Impedance Curve (Fig. 5). 
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80 wS PULSE TEST 
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Fig. 1 - Typical Output Characteristics Fig. 2- Typical Transfer Characteristics 
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80 uS PULSE TEST 


Ty = 150 °C MAX. —- - 
Reyc = 5.0 °C/W _ iN 
SINGLE PULSE 


Ip. DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 
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=1..0 -10 —-100 -1000 
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43290 92CS-43318 
Fig. 3 - Typical Saturation Characteristics Fig. 4 - Maximum Safe Operating Area 
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Fig. 5 - Maximum Effective Transient Thermal Impedance, 
Junction-to-Case Vs. Pulse Duration 
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Fig. 7 - Typical Source-Drain Diode Forward Voltage 


Fig. 6 - Typical Transconductance Vs. Drain Current 
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Fig. 9 - Normalized On-Resistance Vs. Temperature 


Fig. 8 - Breakdown Voltage Vs. Temperature 
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Fig. 11 - Typical Gate Charge Vs. Gate-to-Source voilaye 
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Rps(on) MEASURED WITH CURRENT PULSE OF 2.0uS 
DURATION. INITIAL Ty = 25 °C (HEATING 
EFFECT OF 2.0 uS PULSE IS MINIMAL) 
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Fig. 12 - Typical On-Resistance Vs. Drain Current 
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Fig. 14 - Power Vs. Temperature Derating Curve 


PULSE WIDTH 


INPUT 50 % 
F)OV SS 
INPUT PULSE 
qIGE TIME INPUT PULSE FALL TIME 
tg (on) tr tg (off) ty 
"GB (OFF) 10% 90 % 
OUTPUT 
% 
Vos (ON) 90 10 % 
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Fig. 17 - Switching Time Test Circuit 
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Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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Fig. 15 - Unclamped Inductive Test Circuit 
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Fig. 16 - Unclamped Inductive Waveforms 
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Fig. 18 - Gate Charge Test Circuit 
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2N6851 


Avalanche-Energy-Rated 


August 1991 P-Channel Power MOSFETs 
Features Package 
° -4.0A, -200V ee 
BOTTOM VIEW 
* rDS(on) = 0.802 
: GATE 
e Single Pulse Avalanche Energy Rated SOURCE 
e SOA is Power-Dissipation Limited S 
¢ Nanosecond Switching Speeds - DRAIN 
e Linear Transfer Characteristics (CASE) 


© High Input Impedance 


Description 


The 2N6851 is an advanced power MOSFET designed, tested, and | Termina/ Diagram 
guaranteed to withstand a specified level of energy in the breakdown 


avalanche mode of operation. This is a p-channel enhancement- P-CHANNEL ENHANCEMENT MODE 
mode silicon-gate power field-effect transistor designed for 
applications such as switching regulators, switching converters, D 
motor drivers, relay drivers, and drivers for high-power bipolar ") 
switching transistors requiring high speed and low gate-drive power. - aT 
This type can be operated directly from integrated circuits. W o 
The 2N6851 is supplied in the JEDEC TO-205AF (Low Profile G = 2 
TO-39) metal package. Ie 
O wi 
as 
a. 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6851 UNITS 
DIMA SOUIGS VOSGES non ns eg 2 dd ons We Hass eed che ae ase dnene woe ene Vps -200* V 
Drain-Gate Vollage (Rs = 2OK2) «sin sev cas seenneennne ene eewes es VDGR -200* V 
Continuous Drain Current 
TG IGS G «ne ins owendns cds chi iwnnd xe ins haw ss-eeideebewnnnep ee Ip -4.0* A 
PRETO Sc incinn ancsid ae inb hy ane une seaGarins Gon eeuk oheanets ID -2.4* A 
Pulsed Drain Current (Note 2) «scsscve sae ccs nes eee sawed eae ee waw eee s lDM =20* A 
Gale-Source Volage ss csscsivstss vs vis vesaseessis wae occas vaesee Vas +20* V 
Maximum Power Dissipation 
TE F239 Gee FUG 14) on ssc endive ter de ceca nw tnx ens seues cee ee Pp 25* W 
Above To = +25°9C, Derate Linearly (See Figure 14) ............. eee eee O.2" W/°C 
Single Pulse Avalanche Energy (Note 3) ............ 2c cee ee eee ee eee Eas 500 mJ 
Operating and Storage Junction Temperature Range............ Ti, TSTG -55 to +150* oC 
Maximum Lead Temperature for Soldering ............cce cece eee e eens TL 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
*JEDEC registered values 
1. Pulse Test: Pulse width < 300us, Duty Cycle < 2%. 


2. Repetitive Rating: Pulse width limited by maximum junction temperature, 
See Transient Thermal Impedance Curve (Figure 5). 

3. Vop = SOV, Starting Ty = 25°C, L = 46.9mH, Rg = 25N, Peak |, = 4.0A, 
(See Figure 15 and 16). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


; File Number 2218 
Copyright © Harris Corporation 1991 
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Specifications 2N6851 


Electrical Characteristics @ tc = 25°C (Unless Otherwise Specified) 


Parameter , Test Conditions 


BVpss __sODrrain-Source Breakdown Voltage Ves = OV, Ip = 1.0mA 


VGS(th) Gate Threshold Voltage 
loss Gate-Source Leakage Forward 


less Gate-Source Leakage Reverse 


loss Zero Gate Voltage Drain Current 


Vpsion) On-State Drain Voltage © 


Rpsion) _ Static Drain-Source On-State Veg = -10V, Ip = -2.4A 


Resistance & 


Ofs Forward Transconductance © ; SU) Vps = -5V x Roswonymax.: |p = -2.4A 


vo 
a] 


Ciss Input Capacitance 


Coss- Output Capacitance 


Crss Reverse Transfer Capacitance 


Ves = OV, Vpg = -25V, f = 1.0 MHz 
See Fig. 10 


vv 
7 


ta(on) Turn-On Delay Time 


ta(off) Turn-Off Delay Time 
t Fall Time 


f 
Qg Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


Qgs Gate-Source Charge 
Qgq Gate-Drain (‘‘Miller’’) Charge 
Lp 


Internal Drain Inductance Measured from the Modified MOSFET 
drain lead, 5mm symbol showing the 
(0.2 in.) from header internal device 
to center of die. inductances. 


Vpop = -95V, Ip = -2.4A, Zp = 50 
See Fig. 17 


(MOSFET switching times are essentially 
independent of operating temperature.) 


= | 


Ves = —15V, Ip = —8.0A, Vpg = 0.8 Max. Rating. 
See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 


3 
(e) 


Internal Source Inductance Measured from the 
source lead, 5 mm 
(0.2 in.) from header 
to source bonding 
pad. 


Thermal Resistance 


Source-Drain Diode Ratings and Characteristics 


Is Continuous Source Current Modified MOSFET symbol 
(Body Diode) showing the integral 


reverse P-N junction rectifier. G 
[Taw Puse Source Curent aay Dosey @ [=| 
Tr Reese Revo tine ||| |e | Ty Cp = AOR ap OOM 
Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. 


*JEDEC Registered Value @ Vop = 50V, starting Ty = 25°C, L = 46.9 mH, 
@ Pulse Test: Pulse width < 300us, Duty Cycle < 2%. Re = 25M, Peak I. = 4.0A. (See Fig. 15 and 16) 
@ Repetitive Rating: Pulse width limited by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 
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Fig. 1 - Typical Output Characteristics Fig. 2 - Typical Transfer Characteristics 
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Fig. 3 - Typical Saturation Characteristics Fig. 4 - Maximum Safe Operating Area 
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Fig. 5 - Maximum Effective Transient Thermal Impedance, 
Junction-to-Case Vs. Pulse Duration 
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Fig. 6 - Typical Transconductance Vs. Drain Current Fig. 7 - Typical Source-Drain Diode Forward Voltage 
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Fig. 8 - Breakdown Voltage Vs. Temperature Fig. 9 - Normalized On-Resistance Vs. Temperature 


Ip =-8A 
FOR TEST CIRCUIT 
SEE FIGURE 18 


Ciss = Cgs + Cgd: Cas SHORTED 
Crss = Cgg 
Cgs Cga 
Cgs + Cog 
sCqs + Cga 


Coss = Cas + 


C, CAPACITANCE (pF) 
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Qg, TOTAL GATE CHARGE (nC) 
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Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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RpS(on) MEASURED WITH CURRENT PULSE OF 2.0 uS 
DURATION. INITIAL Ty = 25 °C. (HEATING 
EFFECT OF 2.0 uS PULSE IS MINIMAL) 
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Fig. 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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Fig. 15 - Unclamped Inductive Test Circuit 
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Fig. 14 - Power Vs. Temperature Derating Curve 
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Fig. 16 - Unclamped Inductive Waveforms 
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O ISOLATED 
CURRENT SUPPLY 
REGULATOR 6 
COMPLEMENT 


OF DUT 


PULSE WIDTH 
VGS (ON) +10V om 


INPUT 50 % 50 % 


VGS (OFF) OV INPUT PULSE 


RISE TIME INPUT PULSE FALL TIME 


tg (on) tr tg (off) tr fo) a yes 
Vos (OFF) ao | [- 
90 % O+Vpos 


OUTPUT | Ig Ip 
90 % 10 % CURRENT CURRENT 


Vos (ON) ————————- SAMPLING SAMPLING 
92CS-43306 RESISTOR RESISTOR 
92CS-43307 
Fig. 17 - Switching Time Test Circuit Fig. 18 - Gate Charge Test Circuit 
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2N6895_ 


P-Channel Enhancement-Mode 


August 1991 Power MOS Field-Effect Transistors 
Features Package 
TO-205AF 
oes TORY BOTTOM VIEW 
* rDS(on) = 3.652 
e SOA is Power-Dissipation Limited 
SOURCE GATE 
e Nanosecond Switching Speeds a 
e Linear Transfer Characteristics rs 
¢ High Input Impedance DRAIN 
(CASE) 
e Majority Carrier Device 
Description 
The 2N6895 is a P-channel enhancement-mode silicon-gate power Terminal Diagram 
MOS field-effect transistor designed for applications such as 
switching converters, motor drivers, relay drivers, and drivers for P-CHANNEL ENHANCEMENT MODE 
high-power bipolar switching transistors requiring high speed and 
low gate-drive power. This type can be operated directly from D 
integrated circuits. 
The 2N6895 is supplied in the JEDEC TO-205AF metal package. 
G 
Ss 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
2N6895 UNITS 
Drain-Source VOlAgG .s.cs ins ice esc cc scans crates iwenes sacea ae cee Vpss -100* V 
Drain-Gate Voltage (RES = TMD) sein cscvc cea ere be sane exrar ce ene VDGR -100* V 
Continuous Drain Current 
AMS COntnOus «cscs. ci non ceven ee ees sen eed ne neeeeeeeaae ene ees Ip =t.16* A 
Pigeee OFAN GUNG sos enw s ea ees ccs ee needed eeeeeeas enehkeenees IDM -5* A 
Gate-Source VONAGE o< occss cus cn cee ses es ans vee eeeens SH ewe OmeENs Vas +20* V 
Maximum Power Dissipation 
TRS A WAE CO one cn eiennsau6 a59 ea cae seieends damuenuds ee eeseenn Sen Pp 8.33* Ww 
Above To = +259C, Derate Linearly ........... cc cece cece e eee eceeaee 0.0667* W/°C 
Operating and Storage Junction Temperature Range............ Ty TSTG -55 to +150* oC 
Maximum Lead Temperature for Soldering ...........ccsceecececscces TL 260 1 @) 


(At distances > Ya” (3.17mm) from seating plane for 10s max) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


File Number 1873 
Copyright © Harris Corporation 1991 ? 
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Specifications 2N6895 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVoss lb = 1 MA, Ves = 0 
Gate Threshold Voltage Ves(th) Ves = Vos, Ip = 0.25 mA 


Zero Gate Voltage Drain Current loss Vos = -80 V 
Tc = 125°C, Vos = -80 V 


Gate-Source Leakage Current less Vas = +20 V, Vos = 0 


Drain-Source On Voltage Vos(on)& lp = 0.74 A, Vas = -10 V 
ln = 1.16 A, Ves = -10 V 


Static Drain-Source On Resistance ros(on)@ Ip = 0.74 A, Vas = -10 V 
Tc = 125°C, Ip = 0.74 A, Vas = 10 V 


Vos = -25V 

Ves = 0V 

f=1 MHz 

Vos = -50V 

l= 0.74 A 

Raon = Pos = 15.0 

Vos = -10 V 

Thermal Resistance Junction-to-Case——*~Rae | SOOC—SSCSCSCS 8 
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* 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


[LIMITS | 
CHARACTERISTIC TEST CONDITIONS 
| ___wanacrenisric Min. |Max. 


Diode Forward Voltage Vsp@ Iso = 1.16 A 10.8 | 1.6 | 
Reverse Recovery Time tr le = 4A, dir/dt = 50 A/ps | — | 340) 


“In accordance with JEDEC registration data. 
@Pulsed: Pulse duration = 300 us max., duty cycle = 2% 
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Fig. 1 - Maximum operating areas. 
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Fig. 4 - Typical normalized drain-to-source on resistance to Fig. 5 - Typical transfer characteristics. 


junction temperature. 
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Fig. 6 - Typical drain-to-source on resistance as a function of Fig. 7 - Capacitance as a function of drain-to-source voltage. 
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2N6895 


Vps:-I5V 

PULSE TEST 

PULSE DURATION= 8Ous 
DUTY CYCLE < 2% 


FORWARD TRANSCONDUCTANCE (gfs)—mho 


0.5 | 1.5 2 25 92CS-37592 
ORAIN CURRENT (Ip)-A 


Fig. 8 - Typical forward transconductance as a function of 
drain current. 
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@ Hanns 2N6896 


P-Channel Enhancement-Mode 


August 1991 Power MOS Field-Effect Transistors 
Features Package 
TO-204AA 
° -GA, -100V BOTTOM VIEW 
* rDS(on) = 0.62 
Se ees oped DRAIN 
© SOA is Power-Dissipation Limited SOURCE A (FLANGE) 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
¢ High Input Impedance 


¢ Majority Carrier Device 


Description 


The 2N6896 is a P-channel enhancement-mode silicon-gate power | Terminal D iagram 


MOS field-effect transistor designed for high-speed applications 


such as switching regulators, switching converters, relay drivers, and P-CHANNEL ENHANCEMENT MODE 


drivers for high-power bipolar switching transistors. 


The 2N6896 is supplied in the JEDEC TO-204AA metal package. 


G 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6896 

OFEIN=SOUIGS VOSGES ccs cccsee ce srcisaaer erences veubeedex anes Vpss =100* 
Drain-Gale Voltage (Rigg = 1MED) 20.0. c2scacerdnenecansnwnsn sense VDGR -100* 
Continuous Drain Current 

AMS Continous ios nsceconnsana cus sennened ee REN RE Re ee KE RE Ip =6" 

Piueed ENG CO ss ccieasecveeneencersnwescetensinsina arene IDM -20* 
GAIe-SOUlCG VONAGE: s6 ici 0sd stun sed cn was ben nes eiewed ky bia vow ees Vas +20" 
Maximum Power Dissipation 

Tey 2 F2BSG 6c kcies ins erase ven ceans eecnesaneeesecanans Hea hee oe Pp 60* 

Above Tc = +259, Derate Linearly .......... cece cece e eee eeeenees 0.48* 
Operating and Storage Junction Temperature Range............ Ty Tst@ -55 to +150* 
Maximum Lead Temperature for Soldering ...........ccc cee eecceceees Th 260 


(At distances > %” (3.17mm) from seating plane for 10s max) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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D 


File Number 


1874 


Specifications 2N6896 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC TEST CONDITIONS cecil UNITS 


Drain-Source Breakdown Voltage BVoss Ip = 1 MA, Ves = 0 
Gate Threshold Voltage Ves(th) Ves = Vos, Ip = 0.25 mA 


Min. | 
-100) 
Loe 

Zero Gate Voltage Drain Current loss Vos = -80 V | — | 1 ‘ 
eae bd 
ould 


Gate-Source Leakage Current less Vas = £20 V, Vos = 0 


Drain-Source On Voltage Vos(on)& lp = 3.8A, Vas = -10 V 2.28 | . 
ln = 6A, Vas =-10 V | — | -6 | 


Static Drain-Source On Resistance ros(on)@ lb = 3.8A, Ves = -10 V | — | 0.6 | 
Tc = 125°C, In=3.8A,Vas=10V | — [0.96] 


Vos = -25V 

Vas = 0 V pF 
f= 0.1 MHz 

Voa = =50V es 

Re OBA T= f00 | 

Roen = Roe = 150 [150 

Vas = 10V = 700, 
[Thermal Resistance Junction-to-Case——~Age | —SSS—S = B08 CT 


* 


* 


* 


* 


* 


* 


* 


* 


* 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS | 
CHARACTERISTIC TEST CONDITIONS 
| chanacrenistic Min. |Max. 


Diode Forward Voltage Vsp@ Isp = 12 A 0.8 | 1.6 — 
Reverse Recovery Time th lr = 4A, dir/dt = 50 A/us | — | 375 | 


“In accordance with JEDEC registration data. 
€@Pulsed: Pulse duration = 300 ws max., duty cycle = 2% 


* 


Ht CASE TEMPERATURE(Tc)= 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 
IN TEMPERATURE) 


assests, BNSNs 0000118001 SS Seas et wSaeeses: 
=== OPERATION IN THIS ARE 
IS LIMITED BY fpg (on) 


a 
| 
a 
- 
Zz 
WJ 
a 
a 
=) 
oO 
z 
<a 
a 
{=) 


: 


Vpss(MAX.)= 100 V(2N6896 


4 6 
1 10 100 1000 
DRAIN -TO-SOURCE VOLTAGE (Vps5)— V 
92CM- 40696 


Fig. 1 - Maximum safe operating areas. 
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2N6896 
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50 
CASE TEMPERATURE (To)-8 


abe ssasean) JUNCTION TEMPERATURE (Tj) —°C 
92CS- 40718 
Fig. 2 - Power dissipation vs. temperature derating curve. Fig. 3 - Typical normalized gate threshold voltage as a 


function of junction temperature. 


Vos 7 ~!0V 

PULSE TEST 

PULSc DURATION = 80 uS 
DUTY CYCLE S<2% 


ON STATE DRAIN CURRENT [Ip(on)] — A 
b o 


NORMALIZED DRAIN TO SOURCE ON RESISTANCE 
ny 


-2 -4 -6 -8 -10 
JUNCTION TEMPERATURE (Ty) —°C GATE TO SOURCE VOLTAGE (Vgs) —V 
92CS- 40719 al 
Fig. 4 - Typical normalized drain-to-source on resistance to Fig. 5 - Typical transfer characteristics. 


junction temperature. 
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DRAIN SOURCE ON RESISTANCE 


PULSE TEST 
PULSE DURATION = 80 pS 
DUTY CYCLE $2% 


DRAIN CURRENT (Ip) —A DRAIN - TO- SOURCE VOLTAGE (Vps) —vV 
92CS- 37044 92CS- 37043 
Fig. 6 - Typical drain-to-source on resistance as a function of Fig. 7 - Capacitance as a function of drain-to-source voltage. 


drain current. 
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2N6896 


PULSE TEST 
PULSE DURATION = 80 pS 
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Fig. 8 - Typical forward transconductance as a function of 
drain current. 
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Ww HARFUS 2N6897 


P-Channel Enhancement-Mode 


August 1991 Power MOS Field-Effect Transistors 
Features Package 
TO-204AA 
¢ -12A, -100V BOTTOM VIEW 
* rDS(on) = 9.32 
. DRAIN 
© SOA is Power-Dissipation Limited SOURCE J (FLANGE) 


¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 
¢ High Input Impedance 


e Majority Carrier Device 


Description 


The 2N6897 is a P-channel enhancement-mode silicon-gate power | Termina/ Diagram 
MOS field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay P-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This device can be D 


operated directly from an integrated circuit. 


The 2N6897 is supplied in the JEDEC TO-204AA metal package. 


G 
S 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6897 UNITS 

Drain-Source VONAGG si cisiccnvsesceuss veaned nec saves sansa nee oa Vpss -100* V 
Drain-Gate Voltage (RAGS = TMD) sens cesccccasessesvawevees neces VDGR -100* V 
Continuous Drain Current 

RMS COnlnwous .iccccc neccavsnoa nes se ennacsaeenes dase ves naw ee Ip =12* A 

Pinsed DEN BUG. can ikd eens eee wid oRdemeNe ee eee cenereREeesa IDM -30* A 
GRE" SGU GS VORSOS .2« cvecidcni Hse eines Side ROKER NKd SRO RS RSs ODE Ves +20* V 
Maximum Power Dissipation 

TG PES oe newex che yernwheake wns See ceensdecndonewtewasoeeus Pp 100* W 

Above To = +25°C, Derate Linearly ......... 2c cece eee cence eee eeee 0.8* W/°C 
Operating and Storage Junction Temperature Range............ Ty, TSTG -55 to +150* oC 
Maximum Lead Temperature for Soldering ...........0.ccccee eee eeees TL 260* °C 


(At distances > ¥%” (3.17mm) from seating plane for 10s max) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


File Number 1875 
Copyright © Harris Corporation 1991 
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2N6897 


ELECTRICAL CHARACTERISTICS at Case Temperature (T-) = 25°C unless otherwise specified. 


LIMITS 
CHARACTERISTIC TEST CONDITIONS ae 
| __ characteristic Min. |Max., 


Drain-Source Breakdown Voltage BVoss lo = 1 mA, Ves = 0 -100} — | Vv | 
Gate Threshold Voltage Ves(th) Vas = Vos, Ip = 0.25 mA | -2 1-4] Vi] 


Zero Gate Voltage Drain Current loss Vos = -80 V F— | 1 A 
Tc = 125°C, Vos = -80 V p= [so] " 


Gate-Source Leakage Current lass Ves = +20 V, Vos = 0 | — |100] nA | 


*| Drain-Source On Voltage Vos(on)@ ln = 7.6 A, Vas = -10 V | — 12.28 i 
lb = 12 A, Ves = -10 V | — | -4.8 | 
*! Static Drain-Source On Resistance ros(on)® | Ip =7.6A,Vas=-10V | — {0.3 | 
| Tc = 125°C, In =7.6A,Vas=10V_ | — 0.465) 
; Vos = -10V, ln = 7.6 A | 2 | 8 | mho | 
" Vos = -25 V | 400 |1500 


* 


Output Capacitance Coss Ves = OV | 200 | 700} pF 
Reverse Transfer Capacitance Crss f = 0.1 MHz 
t 


* 


* 


| 60_| 240 | 
Vos = -50 V | — | 60_ 
ln=7.6A | 15, 
Roen = Ros = 15.9 | 2s 
Ves = -10 V Lom 115 
Thermal Resistance Junction-to-Case Rac =| ti 425 | C/T 


* 


* 


* 


* 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 


Diode Forward Voltage Vsp® 
Reverse Recovery Time tr 

“In accordance with JEDEC registration data. 

€@Pulsed: Pulse duration = 300 us max., duty cycle = 2% 


TEST CONDITIONS 


Isn = 12A 
le = 4A, die/dt = 100 A/us 


HECASE TEMPERATURE(Tc )= 25°C 
—~ (CURVES MUST BE DERATED 

eae 6LINEARLY WITH INCREASE 
IN TEMPERATURE) _ 


Ps 
RE UENN 100 ws ts 
bea Fa = HHEE moneires eB 
got 


— OPERATION IN THIS AREA: 
— IS LIMITED BY DS(on) 


== 3 = 
oe s. _——— pape 
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ee oe BOR 04860 60001 OF 
i. Petefeeds sss 
by eect be 

~ ble ae 
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ppb f nitty roth 
008 peed! 
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Fess si tH : a HH: 
ei ocese: SES sett 
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ERE HH: Wd 
Erodes + 
eset cess: El e 3 
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$ i 
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DRAIN-TO-SOURCE VOLTAGE (Vps)— V 
92CM- 40G94 


Fig. 1 - Maximum safe operating areas. 
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“3 (0) 100 150 200 
CASE TEMPERATURE (Tc)-°C JUNCTION pe (Tec 
92CS-40720 92CS- 40724 
Fig. 2 - Power dissipation vs. temperature derating curve. Fig. 3 - Typical normalized gate threshold voltage as a 


function of junction temperature. 
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PULSE TEST 

PULSE DURATION= 80 uS HH 
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NORMALIZED DRAIN-TO-SOURCE ON 
RESISTANCE [rp¢(on)] 


ON-STATE DRAIN CURRENT [Ip (on)]—A 


JUNCTION TEMPERATURE (T,)—°C GATE -TO- SOURCE VOLTAGE (Vgs) — V 
92CS-40725 92CS-37119 
Fig. 4 - Typical normalized drain-to-source on resistance to Fig. 5 - Typical transfer characteristics. 


junction temperature. 


Ves7!0V 
PULSE TEST 


PULSE DURATION=80 yuS 
DUTY cusses Ss ses cue | 


Saareee 


ee siaiz 


SF 


ft 


Ha Heretuiaat 


osece iit iifsee: ; 
ooees re ce 
See 
ES ree 
Gh ee 
= a na 


BIG Ee Inert 


a 


[Fpglon —ohms 
[o) 
nw 


CAPACITANCE (C) — pF 


ae HH AEE GeeaERSae wae 
cH 


3 H+ Hine: 


cH + 
++ 4+ it 
+ 


DRAIN -TO-—SOURCE ON RESISTANCE 


I : 
14 ra c 
oe Senge] sue 
10 12 14 20 10 i 40 60 70 
a ee DRAIN -TO- oe VOLTAGE Dine 
92CS- 37111 92CS-37112 
Fig. 6 - Typical drain-to-source on resistance as a function of Fig. 7 - Capacitance as a function of drain-to-source voltage. 


drain current. 
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Fig. 8 - Typical forward transconductance as a function of 
drain current. 
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ff HARRIS 


August 1991 


Features 

e -25A, -100V 

* rDS(on) = 0-202 

© SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


2N6898 


P-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 


Package 
TO-204AE 
BOTTOM VIEW 


DRAIN 


SOURCE W4 (FLANGE) 


The 2N6898 is a P-channel enhancement-mode silicon-gate power | Termina/ Diagram 
MOS field-effect transistor designed for applications such as 


switching regulators, switching converters, motor drivers, relay P-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This device can be G 


operated directly from an integrated circuit. 


The 2N6898 is supplied in the JEDEC TO-204AE steel package. 


G 
Ss 
Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 
2N6898 UNITS 

Ordin-SOuree VOHAGS 202 enn cacccea dss sessesessssaseos wey Kee es Vpss -100* V 
Drain-Gate Voltage (AGS = TMST) cscs ces scvnacadsewesscs bas tee ve VDGR -100* V 
Continuous Drain Current 

AMS COnUMUGUS. 2608068 cas cntes ce een ness Sew se ede wee ees Kee wER eS Ip =25" A 

Pulsed Drain Curent. .ncccctepasse destesosssisedabas snes ta5 ewes IDM -60* A 
AGI" SOUICS VONROS cc nan nssaa tse dba- bee Hee as nan wenenes ees Seanes Ves +20" V 
Maximum Power Dissipation 

VS F2BG 2 shancspvtanteves0s04 sdiaue Kveseesecned us eee naa eee eR Pp 150* W 

Above To = +25°C, Derate Linearly ..........0ccseececcccvcecnccces 12° W/°C 
Operating and Storage Junction Temperature Range............ Ty, 187 -55 to +150* oC 
Maximum Lead Temperature for Soldering .........0.ccceeeeeeeeeeeee TL 260* oC 


(At distances > Ye” (3.17mm) from seating plane for 10s max) 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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Specifications 2N6898 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 
CHARACTERISTIC TEST CONDITIONS STS lunes 
| ___tanacrenistic Min. [Max. | 


Drain-Source Breakdown Voltage BVoss lb = 1 mA, Vas = 0 -100} — | V | 
Gate Threshold Voltage Vas (th) Vas = Vos, ln = 0.25 mA | -2}-4] Vv | 


Zero Gate Voltage Drain Current loss Vos = -80 V Ike A 
Tc = 125°C, Vos = -80V r=— {oo | © 


Gate-Source Leakage Current lass Ves = +20 V, Vos = 0 | — |100] nA | 


Drain-Source On Voltage Vos(on)& Ip = 15.8 A, Vas = -10 V | — 13.16 . 
Ip = 25A, Ves = -10 V | — | -6 | 


Static Drain-Source On Resistance ros(on)@ Ip = 15.8 A, Vas = -10 V | — | 0.2 | 


Tc = 125°C, In = 15.8A,Vas=10V | — |0.24) 


| — |3000) 


Input Capacitance Ciss Vos = -25 V 


Output Capacitance Coss Ves =O V pF 


* 


* 


* 


* 


* 


f = 0.1 MHz 
Vos = -50 V 
IDp=12.5A 
Rgen = Rgs =50 
Ves = -10 V 


* 
* 
* 
* 


* 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS ——— 


Diode Forward Voltage Vsp@ Iso = 25A | 0.8 | 


Reverse Recovery Time tr lp = 4A, die/dt = 100 A/us 


* 


*In accordance with JEDEC registration data. 
€@Pulsed: Pulse duration = 300 ws max., duty cycle = 2% 


HH CASE TEMPERATURE(Tc )= 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 
IN TE 
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DRAIN -TO- SOURCE VOLTAGE (Vps)— V 
92CM- 40695 


Fig. 1 - Maximum safe operating areas. 
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10) 50 100 150 7 200 -50 (0) 50 100 150 
CASE TEMPERATURE (Te y—°C 92CS-37231 JUNCTION TEMPERATURE (Ty )-°C _92c$-40715 
Fig. 2 - Power dissipation vs. temperature derating curve. Fig. 3 - Typical normalized gate threshold voltage as a 


function of junction temperature. 


Vgsz -10V Vos =-!OV 


PULSE TEST 
PULSE DURATION =8Ous 
DUTY CYCLEs 2% 


RESISTANCE Cryg(on)] 


NORMALIZED DRAIN—TO-SOURCE ON 


ON-STATE-DRAIN CURRENT [Ip (on))-A 


—_—o 
JUNCTION TEMPERATURE (T,)—°C — 92cs-ao7i6 —— ea a aie alee eee aa 


Fig. 4 - Typical normalized drain-to-source on resistance to GREE TO> SOURCE VOMIACE Wag) 


92CS-37243 
junction temperature. : ; 
/ P Fig. 5 - Typical transfer characteristics. 
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PULSE DURATION =80us 
DUTY CYCLE <2% 
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Fig. 6 - Typical drain-to-source on resistance as a function of DRAIN-TO-SOURCE VOLTAGE (Vpg)-V 
drain current. 92CS-37247 


Fig. 7 - Capacitance as a function of drain-to-source voltage. 
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2N6898 
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PULSE TEST 
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Fig. 9 - Switching time test circuit. 
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fc} HARRIS 


IRF9130, IRF9131 


IRF9132, IRF9133 


January 1994 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features Package 
TO-204AA 
¢ -10A and -12A, -80V and -100V BOTTOM VIEW 
* TDS(ON) = 9.302 and 0.402 
DRAIN 
¢ Single Pulse Avalanche Energy Rated SOURCE / (FLANGE) 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRF9130, IRF9131, IRF9132 and IRF9133 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 


package. 


GATE 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRF9130 
Drain-Source Voltage (1): c.xcccn ave eseeeseeas new kewes Vps -100 
Drain-Gate Voltage (RGS = 20kK{|) (1). ....... eee eee VDGR -100 
Continuous Drain Current 
Gi Bo secicd sth steed onan cedsnes sae cauasnnnweses Ip -12 
TO TOG oct escneverse ese nsenvee wxenneeenes ease Ip -7.5 
Pulsed Drain Gurrent(S) ccc cance ct ncnneseansaesaeanveae IDM -48 
Gate-Source VONEGS ain ccc n cdc sd saecd vhs ves ae cnenes Ves +20 
Maxinwim Power DIESIDGION 6.0.04 6. 0ccvedcr enw te eeweswas Pp 75 
(See Figure 14) 
Linear Derating Factors. .s<<s ccs casee wt avanve senna enenes 0.6 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............... Eas 500 
Operating and Storage Junction ..............008- TJ, TSTG -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering............... TL 300 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 


D 
G 
Ss 
IRF9131 IRF9132 IRF9133 UNITS 
-80 -100 -80 V 
-80 -100 -80 V 
-12 -10 -10 A 
-7.5 -6.5 -6.5 A 
-48 -40 -40 A 
+20 +20 +20 V 
15 13 Ta W 
0.6 0.6 0.6 W/9°C 
500 500 500 mJ 
-55to+150 -55to+150 -55to+150 oC 
300 300 300 oC 


4. Vop = 25V, Start Ty = +25°C, L = 5.2mH, Rg = 25N, Peak I| = 12A 
(See Figures 15 and 16) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 


Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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File Number 2220.1 


Specifications [RF9130, IRF9131, IRF9132, IRF97133 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS |} MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss_ | VGs = OV, Ip = -250nA te oo te oe! 
-100 V 


IRF9130, IRF9132 
ee a a ee a 


IRF9131,IRF9133 


[Gate Threshold Voltage | Vast [Vos=Vosip=-250A_—=S~—~—~iC | dP 
[Gate-Source LeakageFoward | Igss_[Ves=-20V SSS | id 100 | 
[Gate-Source LeakageReverse | Igss_[Ves=20V——S| ~ *d| 10 Ya 


Zero Gate Voltage Drain Current Ipss Vps = Max Rating, Vas = OV 


On-State Drain Current (Note 2) 
IRF9130, IRF9131 
IRF9132, IRF9133 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9130, IRF9131 


IRF9132, IRF9133 


Vas = OV, Vps = -25V, f = 1.0MHz 
See Figure 10 


TTurn-OnDelayTime | taion) 
Total Gate Charge | Oo 
(Gate-Source + Gate-Drain) 

[Gate-Source Charge _———=dtS—S gs 
Gate-Drain (‘‘Miller”) Charge | Qgq | 


Internal Drain Inductance 


Vpp =9.5 BVpss; Ip = -6.5A, Zo = 500 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 

temperature.) 


VGs = -10V, Ip = -15A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


a 
a 
ae 
a 
—- 
ae 
ae 
Ls 
L 2 
Measured between =| Modified MOSFET - 
contact screw on symbol showing the 
ae 
= 


@) 


(oe) Te) 


header thatis closer | internal device 
to source & gate inductances. 
pins & center of die. 


Measured from the 
source pin, 6mm 

(0.25”) from header & 
source bonding pad. 


Internal Source Inductance 


Case-to-Sink Recs Mounting surface flat, smooth and greased 


RoJA_ | Typical socket mount 
Continuous Source Current Is Modified MOSFET ad 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Pulse Source Current 
(Body Diode) (Note 3) 
To = +250C, Ig = -12A, Veg = OV 
[ReverseRecoverytime | _tir__ | Ty= 15000, Ip = 12A, dip/dt = 100A/us 
tON , 


folie) = 5135135 5 TIDIO 
s|3 = 8 2 ny min 


t i 
- par 


Ww 

oO 

Oo 
s = 
OQ 


Ty = +1509C, Ip = -12A, dif/dt = 100A/ps 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


ab 
@ 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 25V, Start Ty = +259C, L = 5.2mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Re = 250, Peak IL = 12A (See Figures 15 
Duty Cycle < 2% impedance Curve (Figure 5) and 16) 
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IRF9130, IRF9131, IRF9132, IRF9133 


Ee ET) SESS) H ' 
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V > | xR 
80uS PULSE TEST = DS — — max. 
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Ip. DRAIN CURRENT (AMPERES) 


0 -10 -20 -30 -40 —50 10) =—2 -4 -6 -8 -10 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43288 92CS-43289 
Fig. 1 - Typical Output Characteristics Fig. 2 - Typical Transfer Characteristics 
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fON} 
r, = 150°C max. a 
Rig = 1.67°CW 
SINGLE PULSE 


Fig. 3 - Typical Saturation Characteristics Fig. 4 - Maximum Safe Operating Area 


oT Tht — 
OPERATION IN THIS 
AREA IS LIMITED 
= fn 
Se 


Ip. DRAIN CURRENT (AMPERES) 


mail He 


Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43290 


Vds Drein Voltage (V) 
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Nu Ss | MH Pr 
wi ah PULSE (TRANSIENT = 1.67 DEG. C/W. 
= 0.02 ptt tL THERMAL IMPEDANCE) meer iT TTT TTT 3.Tym-Te 
Pa imi 
F 0.01 Semsiimcniiiimenstiiimemsiiins = Pom: Z@ucit)» R6sc 
2 5 2 5 4 2 5 oo an 5 2 5 
1075 10-4 10 10 10 1.0 10 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


92CM- 43302 


Fig. 5 - Maximum Effective Transient Thermal Impedance, 
Junction-to-Case Vs. Pulse Duration 
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IRF9130, IRF9131, IRF9132, IRF9133 
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Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


92CS-43270 


92CS-43293 


Drain Diode Forward Voltage 


Typical Source- 


Fig. 7 


Fig. 6 - Typical Transconductance Vs. Drain Current 
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TANNVWHO-d 


Ty, JUNCTION TEMPERATURE (°C) 


(G3ZINVWINYON) 
JONVLSISSY NO 3DuNOS-OL-Nivua ‘(4°)Sdy 


160 


COANE, 
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" jewenon TEMPERATURE (°C) 
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‘SSdag 


92CS-43303 


92CS-43394 


Resistance Vs. Temperature 


- Normalized On- 


Fig. 9 


Fig. 8 - Breakdown Voltage Vs. Temperature 


(SLIOA) BDVLIOA 3DHNOS-O1-3LvD ‘SIA 


Ciss = Cgs + Cga: Cas SHORTED 


{At 


‘| |e! 


(34) JONVLIDVdV9 ‘9 


Qg, TOTAL GATE CHARGE (nC) 


Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


92CS-43297 


92CS-43296 


Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 


Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage 


5-37 


IRF9130, IRF9131, IRF9132, IRF9133 


RESISTANCE (OHMS) 
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Rps(on) MEASURED WITH CURRENT PULSE OF 2.0uS 
DURATION. INITIAL Ty = 25 °C. (HEATING = 
EFFECT OF 2.0 uS PULSE |S MINIMAL) 
1e] -10 -20 -—30 -—40 -50 
Ip, DRAIN CURRENT (AMPERES) 


92CS-43298 


Fig. 12 - Typical On-Resistance Vs. Drain Current 
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Fig. 14 - Power Vs. Temperature Derating Curve 


Pp, POWER DISSIPATION (WATTS) 


100 120 140 160 180 190 
1G cane: TEMPERATURE (°C) 


92CS-43305 


ADJUST R, 
TO OBTAIN 
SPECIFIED Ip 


PULSE 
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HIGH FREQUENCY 
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92CS-43322 


Fig. 17 - Switching Time Test Circuit 
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Tc. CASE TEMPERATURE ( C) 

92CS-43304 

Fig. 13 - Maximum Drain Current Vs. Case Temperature 
Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


92CS-43278 


Fig. 15 - Unclamped Inductive Test Circuit 


BVoss 


92CS-43279 


Fig. 16 - Unclamped Inductive Waveforms 


IG Ip 
CURRENT CURRENT 
SAMPLING SAMPLING 
RESISTOR = RESISTOR 


O+Vos 


CURRENT 
REGULATOR 


-Vos 
O (ISOLATED 
SUPPLY) 


92CS-43323 


Fig. 18 - Gate Charge Test Circuit 


a HARRIS 


IRF9140, IRF9141 
IRF9142, IRF9143 


Avalanche Energy Rated 
January 1994 P-Channel Power MOSFETs 


Features Package 
° -19A and -15A, -80V and -100V 
* YDS(ON) = 0.20 and 0.302 


TO-204AA 
BOTTOM VIEW 


e Single Pulse Avalanche Energy Rated 
© SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF9140, IRF9141, IRF9142 and IRF9143 are advanced 

power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 
enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Terminal Diagram 


a 
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Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRF9140 IRF9141 IRF9142 IRF9143 UNITS 


Drain-Source Voltage (1) -100 -80 -100 -80 
Drain-Gate Voltage (RGs = 20k2) (1) -100 -80 -100 -80 
Continuous Drain Current 
-19 -19 -15 -15 
-12 -12 -10 
Pulsed Drain Current (3) -76 -76 -60 
Gate-Source Voltage +20 +20 +20 
Maximum Power Dissipation 125 125 125 
(See Figure 14) 
Linear Derating Factor 1 1 1 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) Eas 960 960 960 960 
Operating and Storage Junction TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Ty = +25°C to +150°C 4. Vpp = 25V, Start Ty = +259C, L = 4mH, Rg = 250, Peak IL = 19A 

2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% pee Figures Ta and Te} 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. File Number 2278.1 
Copyright © Harris Corporation 1994 
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Specifications IRF9140, IRF9141, IRF9142, IRF9143 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_ | Vas= OV, Ip = -250uA 
IRF9140, IRF9142 


IRF9141, IRF9143 


Vp =VGS, Ip = -250i1A P-20 [| - | -40 [ v_ 
Gate-SourceLeakageForward | lass |Vas=-20V SSCS dT 
iss _[Vos=2SSCSC~—SCS| SO dC 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgs = OV | - | - | -250 


Y 


Vps = Max Rating x 0.8, Vgs = OV, 
To = +1259C 


VDS > !D(ON) X DS(ON) Max, Vgg = -10V 


On-State Drain Current (Note 2) 
IRF9140, IRF9141 
IRF9142, IRF9143 


Static Drain-Source On-State 'DS(ON) 
Resistance (Note 2) 
IRF9140, IRF9141 


IRF9142, IRF9143 


ID(ON) 


VGs =-10V, Ip =-10A 


Forward Transconductance (Note 2) VpS>IDION)X'DS(ON)Max'!p=-10A | 5 | 7 | - | S&B) 

Input Capacitance iss _ | Vas = OV, Vps = -25V, f = 1.0MHz | - | 1100 | - | pF | 

Output Capacitance agg | Faw to P= [550 | - | oF 

Reverse Transfer Capacitance RSS | =- | 250 | - | pF 

Turn-On Delay Time Vpp =0.5 BVpss;, Ip = -19A, Rg = 9.19 | 16 { 20 | 
eo 

; are essentially independent of operating 
Turn-Off Delay Time td(OFF)_| temperature.) 
Fall Time tf 


~ 
1o) 
3 

O 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


VGs =-10V, Ip = -19A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 
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Measured between Modified MOSFET 5.0 

contact screw on symbol showing the 

header thatiscloser | internal device 

to source & gate inductances. 

pins & center of die. C 
ee 


D O}O 
At SIP : B 
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Measured from the 

source pin, 6mm 

(0.25”) from header&| G 
source bonding pad. ’ 


Internal Source Inductance n 


” 


Junction-to-Case 
Case-to-Sink 
Junction-to-Ambient 


Mounting surface flat, smooth and greased 


Typical socket mount 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


ROJA 


= 


Diode Forward Voltage (Note 2) Vsp To = +259C, Is = -19A, Ves = OV 
Ty = +1509C, IF = 19A, dif/dt = 100A/ps 
Ty = +1509C, Ip =-19A, diF/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


1?) 


Forward Turn-on Time 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°C, L = 4mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 250, Peak |) = 19A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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Ip, ORAIN CURRENT (AMPERES) 


Zehyc(t)/Rynyc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Ip, ORAIN CURRENT (AMPERES) 


IRF9140, IRF9141, IRF9142, IRF9143 


= PULSE TEST _}__ TO 
es = 


Vos. #!p(on) * Ros(on)max. 
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Ip, DRAIN CURRENT (AMPERES) 


0 -10 -20 30 = -40 -50 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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POWER MOSFETs 
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Vde Orein Voltage (V) 


Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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IRF9140, IRF9141, IRF9142, IRF9143 


Vos: 2 '!pion) * Rosion)max 


Ake LE 
| 
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gts. TRANSCONDUCTANCE (SIEMENS) 


0 -20 -40 -60 -80 -100 
Ip, ORAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 


SOURCE BREAKDOWN VOLTAGE 
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Fig. 8 - Breakdown voltage vs. temperature. 

2000 
= Cogs + Cog. Cas SHORTED 
= Cog 

1600 

= 1200 

oO 

2 

=< 

— 

3 

= 

a 

< 800 

=) 
400 
0 -10 -20 -30 -40 -50 


Vps. DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


NEGATIVE Inn, REVERSE DRAIN CURRENT 


(AMPERES) 


- 100 


-1.0 


92GS-44167 
Fig. 7 - Typical source-drain diode forward voltage. 


Rpsion). ORAIN TO SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 9 - Normalized on-resistance vs. temperature. 


Ip = -24A 


FOR TEST CIRCUIT 
SEE FIGURE 18 


Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Qy, TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


IRF9140, IRF9141, IRF9142, IRF9143 


Ros(on) MEASURED WITH CURRENT PULSE 
OF 5 us PULSE DURATION. INITIAL Ty = 25°C. 
(HEATING EFFECT OF 5 us PULSE IS MINIMAL.) 


Ros(on). DRAIN TO-SOURCE ON RESISTANCE (OHMS) 


0 -20 -40 -60 -80 -100 
Ip, DRAIN CURRENT (AMPERES) 


Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 14 - Power vs. temperature derating curve. 
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Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 
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REQUIRED PEAK I, 


92CS-43278 


Fig. 15 - Unclamped inductive test circuit. 


BVpss 
92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 
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GG? HARRIS IRF9150 
IRF9151 


Avalanche Energy Rated 


January 1994 P-Channel Power MOSFETs 
Features Package 
TO-204AE 
e -25A, -80V and -100V BOTTOM VIEW 
* TDS(ON) = 9.1500 
DRAIN 
* Single Pulse Avalanche Energy Rated SOURCE 4 (FLANGE) 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


° High Input Impedance GATE 


Pesenption Terminal Diagram 

The IRF9150 and IRF9151 are advanced power MOSFETs 

designed, tested, and guaranteed to withstand a specified level P-CHANNEL ENHANCEMENT MODE 
of energy in the breakdown avalanche mode of operation. 

These are p-channel enhancement-mode silicon-gate power D 


field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. G 
These types can be operated directly from integrated circuits. 


The P-channel IRF9150 is an approximate electrical 


complement to the N-channel IRF150. Ss 
The IRF types are supplied in the JEDEC TO-204AE metal 
package. 


Absolute Maximum Ratings (Tc = 259C) Unless Otherwise Specified 


IRF9150 IRF9151 UNITS 
DiS SOUNIS VONBGS oi ace ccsincewss ree ne eee KER HN ROR OR EOw ENO RE RAED BOS Vps -100 -80 V 
Continuous Drain Current 
Vr ordsscnnas exedenweiseie asd ee widened he kkousteseuecaeceasa see ked Ip -25 -25 A 
Te 1006 sisccccscensessuseassaraneasns nace saeiesansant setenion semen ID -18 16 A 
Pulsed DIMA CUNTEN iss ccc tacacin cee scree wedwades causa eeds pieeeee was eeees IDM ~100 -100 A 
Gate-Source VONAGG: x. v6 nce sntiss xe ies Oe wetness eaenee tenn eesenaenen eens Ves +20 +20 V 
Maximum Power DISSIP@LON ..4..6sccrcaccaacenadeessatensae cea veaceanscaRaa Pp 150 150 W 
(See Figure 18) 
Lie SIOCSCN FOG ells ein vecscdiede wae ask oe beswawkasnd vee ees O6F GhexddeHee eRe 1.2 1.2 W/°C 
single Pulse Avalanche Energy Rating (3). 2.6 cccces csvescueee vas nve saneswnes Eas 1300 1300 mJ 
(See Figure 14) 
Avalanche Current (Repetitive or Nonrepetitive). 0.0.0.0... cece ee eee eee IAR -25 -25 A 
Operating and Storage JUNCTION ... 1... ee ccc ce cece cece eect eee nens TJ, TSTG -55 to +150 -55 to +150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ............0. ccc eee e cece c cence eaee TL 300 300 °C 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 3. Vop = 25V, Start Ty = +25°C, L = 3.2mhy, Re = 25, Peak li = 19A 


2. Repetitive Rating: Pulse width limited by max. junction temperature. See Soe. igule® 14 ard 15) 


Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRF9150, IRF9157 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage | BVpss_ | VGs= OV, Ip =-250pA wid a oe 1 eS 
IRF9150 -100 Vv 
IRFOTS' oe 
VS = Ves, Ip = -250HA P20 [= a0 
[Gate-Source LeakageForward | sg |Vas=-20V SSCS = | | 100 | 
[Gate-Source Leakage Reverse | igss_|Vas=20V SCS | 100 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vag = OV | - | - | -250 | pA | 


Vps = Max Rating x 0.8, Vgs = OV, -1000 yA 
To = +1259C 


On-State Drain Current (Note 1) VpS>IDION)X'DS(ON)Max V@S=10V. | -25 [| - | - | A | 


Static Drain-Source On-State DS(ON) | VGS =-10V, Ip =-10A 
Resistance (Note 1) 


Cmin_[ tye _| MAX_| UNITS 


gig__|VDS=-10V, Ip = -12.5A oO | - 
Vas = OV, Vps = -25V,1= 1 0MH2 el a 
See Figure 10 oe a 
= 
[Turn-OnDelayTime | ton) _| Vo = -50V, Ip =-25A, Rg = 680, [2a] 


; ; Rp = 2M. See Figures 16 and 17. 
Rise Time t D g 
(MOSFET switching times are essentially 
Turn-Off Delay Time td(OFF)_| independent of operating temperature.) 
Fall Time tf 
Total Gate Charge 
(Gate-Source + Gate-Drain) 
Gate-Source Charge 0 
Gate-Drain (‘‘Miller’) Charge 
Internal Drain Inductance 


VG@s = -10V, Ip = -25A, Vps = 0.8 Max 
Rating. See Figures 11 & 19 for test circuit. 
(Gate charge is essentially independent of 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured between 
contact screw on 
header that is closer 
to source & gate 
pins & center of die. 
Measured from the 
source pin, 6mm 
(0.25”) from header & 
source bonding pad. 


Internal Source Inductance 


tm 
io) 


Junction-to-Case 
Junction-to-Ambient R@JA 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET - 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Vsp_ | TC =+25°9C, Is = 25A, VGs = OV 
tr | Ty = +25°C, Ip = 25A, dif/dt = 100A/us 
Ty = +2506, Ip = 25A, dif/dt = 100A/us 0.3 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 
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NOTES: 1. Pulse Test: Pulse width < 300us, 2. Repetitive Rating: Pulse width limited by max. 3. Vop = 25V, Start Ty = +25°C, L = 3.2mhy, 
Duty Cycle < 2% junction temperature. See Transient Thermal Rg = 250, Peak I, = 25A (See Figures 14 
Impedance Curve (Figure 5) and 15) 
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80uS PULSE TEST 


S oi 


Vv — [(¥O)PI] LNSYYND NIVYO SLVLS-NO 


25degC 


80us Tc 


PULSE DURATION 
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Fig. 2 - Typical transfer characteristics. 
Fig. 4 - Maximum safe operating area. 
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Fig. 1 - Typical output characteristics. 
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Fig. 3- Typical saturation characteristics. 
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Fig. 5 - Maximum effective transient thermal impedance. 
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IRF9150, IRF9157 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 8 - Normalized breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 
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IRF9150, IRF9157 


ON RESISTANCE [Rds(on)]—milliOHMS 


DRAIN CURRENT (Id)-AMPERES 


RESIRFS150CF1 


Fig. 12 - Typical on-resistance vs. drain current. 


VARY tp TO OBTAIN 
REQUIRED PEAK I,_ 


Fig. 14 - Unclamped inductive test circuit. 
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Fig. 16 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 


BYpss 


Fig. 15 - Unclamped inductive waveforms. 
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Fig. 17 - Switching time waveforms. 
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POWER DISSIPATION (Pd)—WATTS 


IRF9150, IRF97157 


CASE TEMPERATURE (TC)-degC 
POWIRF9150CF2 


Fig. 18 - Power vs. temperature derating curve. 
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Fig. 19 - Gate charge test circuit. 


wo 
bi 
a Ue 
=> 
=> O 
¢~= 
os 

O 
a 

e) 
a. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


i HARRIS IRF9230, IRF9231 
IRF9232, IRF9233 


Avalanche Energy Rated 


August 1991 P-Channel Power MOSFETs 
Features Package 
“ = _ _ TO-204AA 
5.5A and -6.5A, -150V and -200V BETTOM VIE 
* TDS(ON) = 0.802 and 1.20 
DRAIN 


¢ Single Pulse Avalanche Energy Rated SOURCE 


rd (FLANGE) 
¢ SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance GATE 


peau peor Terminal Diagram 

The IRF9230, IRF9231, IRF9232 and IRF9233 are advanced 

power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 


enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel Ss 
package. 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRF9230 IRF9231 IRF9232 IRF9233 UNITS 
Drain-Source Voltage (1) vc .scccsaccscnssacenenssewess Vos -200 -150 -200 -150 V 
Drain-Gate Voltage (RG@s = 20kK{2) (1)........ cee eee VDGR -200 -150 -200 -150 V 
Continuous Drain Current 
TO caes doc cvevsunecened rad censncewee centers Ip -6.5 -6.5 -5.5 -5.5 A 
T= OOPS cecctccnenciuse ceeeeaceceane one eeanadnn Ip -4.0 -4.0 -3.5 -3.5 A 
Pulsed Drain Current (3) ..6sicescd as sescscneronseaeans IDM -26 “26 ~2e -22 A 
GSieSGurGe VOUSGS sé ccwicassdiiad acces ndvrsewass cnt VGs +20 +20 +20 +20 V 
Maximum Power Dissipation «ic css cccsswsesseseceeaeaes Pp 75 75 75 75 W 
(See Figure 14) 
Linear Darang FaCtl ev occancucadacdaveawisacedesacdawas 0.6 0.6 0.6 0.6 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............... Eas 500 500 500 500 mJ 
Operating and Storage Junction .............0.00. TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ............0.5 TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vop = SOV, Start Ty = +25°C, L = 17.75mH, Rg = 25N, Peak |, = 6.5A 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% pees Figitgs 10nd 18) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 
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Specifications IRF9230, IRF9231, IRF9232, IRF9233 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss | VGs=OV, Ip =-250nA wel =e |e! 
-200 V 


IRF9230, IRF9232 
IRF9231, IRF9233 | -150 | - [| - | vi | 
Vos =VGS, Ip = -2500A P-20 [| - | -40 [ v_ 
[Gate-SourceLeakageForward | lass |[Vas=-20V SCS «dT *dYC 100A 


Gate-Source Leakage Reverse less. |Vas=20V | - | = | 100 | nA 


Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgs = OV | - | - | -250 | pA | 
VpDS = Max Rating x 0.8, Vgs = OV, -1000 LA 
To = +1259C 


On-State Drain Current (Note 2) 
IRF9230, IRF9231 
IRF9232, IRF9233 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9230, IR*9231 


IRF9232, IRF9233 


Forward Transconductance (Note 2) Ofs Vos > ID(ON) X (DS(ON) Max: |p = -3.5A 

Input Capacitance Ciss Vas = OV, Vps = -25V, f = 1.0MHz 

Output Capacitance Cogs _ | See Figure 10 

Reverse Transfer Capacitance Crss 

Turn-On Delay Time | ta(on) | VoD =0.5 BVpss; Ip = -6.5A, Rg = 502 
oe 

; are essentially independent of operating 

Turn-Off Delay Time td(OFF temperature.) 

Fall Time | te | 

Total Gate Charge 

(Gate-Source + Gate-Drain) 

Gate-Source Charge | Qgs | 

Gate-Drain (“Miller”) Charge | Qgq | 


ID(ON) | YDS > !D(ON) X "DS(ON) Max, Vgs = -10V 


'DS(ON) | VG@S =-10V, Ip = -3.5A 


2 
G 


Ni Oy; 


VGs =-10V, Ip = -6.5A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


@) 


Internal Drain Inductance Lb Measured between Modified MOSFET 
contact screw on symbol showing the 
header thatiscloser | internal device 
to source & gate inductances. 
pins & center of die. 
Internal Source Inductance Ls Measured from the n 


source pin, 6mm 
(0.25”) from header& | G& 
source bonding pad. : 


a 


{e) 
oO Ssi.sis = som he) 
2 2 e © ni nin 


oS 


Mounting surface flat, smooth and greased 


Typical socket mount 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


S 
2|2 


i] 
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w 
—_ 
peN 
on 
(@) 


w 
E 
fe) 
O 


To = +259C, Is = -6.5A, Ves = OV 
Ty = +1500C, Ip =-6.5A, di¢/dt = 100A/us 
Tj = +1509, Ip = -6.5A, dif/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 17.75mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 250, Peak I, = 6.5A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRF9230, IRF9231, IRF9232, IRF9233 


80 us PULSE TEST 
Vos > !pion) * RoS(on)MAX. 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum Safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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IRF9230, IRF9231, IRF9232, IRF9233 


80 wS PULSE TEST 
Vos > 'pi(on) * RoS(on) max. 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


Ip =—-8A 
FOR TEST CIRCUIT 
SEE FIGURE 18 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9230, IRF9231, IRF9232, IRF9233 


Rps(on) MEASURED WITH CURRENT PULSE OF 2.0 uS 
DURATION. INITIAL Ty = 25 °C. (HEATING 
EFFECT OF 2.0 pS PULSE IS MINIMAL) 
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Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 14 - Power vs. temperature derating curve. 


ADJUST Ry 
TO OBTAIN 
SPECIFIED Ip 


PULSE Vj 
GENERATOR 
pS sae Sei 
| 
| 
TO SCOPE 
| 0.012 
HIGH FREQUENCY 
J SHUNT 
es per ce, 
92CS-43322 


Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 15 - Unclamped inductive test circuit. 
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Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 


oo} HARRIS IRF9240, IRF9241 
IRF9242, IRF9243 


Avalanche Energy Rated 


August 1991 P-Channel Power MOSFETs 
Features Package 
TO-204AA 
e -9A and -11A, -150V and -200V BETTER VIEW 
® TDS(ON) = 9.502 and 0.72 
DRAIN 


e Single Pulse Avalanche Energy Rated SOURCE 


"4 (FLANGE) 
e SOA is Power-Dissipation Limited 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e High Input Impedance GATE 


skin aii Terminal Diagram 

The IRF9240, IRF9241, IRF9242 and IRF9243 are advanced 

power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are _ p-channel D 


enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 
package. 
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Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRF9240 IRF9241 IRF9242 IRF9243 UNITS 
Drain-Source Voltage (1) ccc csscesen sean wae csacwces Vos -200 -150 -200 -150 V 
Drain-Gate Voltage (RGS = 20K{2) (1)... .. cece ee eee VDGR -200 -150 -200 -150 V 
Continuous Drain Current 
TS ks 0n4. 00 daa ba ncenewas n04 88 88s VERN G2 Rs amen Ip -11 -11 -9 -9 A 
TES TOFS cue we nexnanse vedas vesiwreseee ne reeuas ee Ip -7 -7 ~6 -6 A 
Pulsed Drain Current (3) vscsscecnavuwcaseeessvenea nea IDM ~44 -44 -36 -36 A 
Gate-Souree VONAGS «i ca cas cveew vedas cee awecases ave Ves +20 +20 +20 +20 V 
Maxim PoOWOr DISGIDGLION «os +22 mes ee ced cases teesenes Pp 125 125 125 125 WwW 
(See Figure 14) 
Linear Derating Fast. ssc cancun cue avven 200 cus eu nee exces en 1 1 1 1 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............... Eas 790 790 790 790 mJ 
Operating and Storage Junction ............0.008 TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ............++- Th 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vop = SOV, Start Ty = +25°C, L = 9.8mH, Rg = 25, Peak IL = 11A 


i d1 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% (See Figures 18 apd 18} 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2279 
Copyright © Harris Corporation 1991 
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Specifications IRF9240, IRF9241, IRF9242, IRF9243 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS Ha a] wns 


to source & gate inductances. 
pins & center of die. 


Measured from the 
source pin, 6mm 

(0.25”) from header& | G& 
source bonding pad. C 


Internal Source Inductance 


Drain-Source Breakdown Voltage BVpss_ | Vas=OV, |p =-250yuA 
IRF9240, IRF9242 V 
IRF9241, IRF9243 p-150 | - | - | Vv J 
Gate Threshold Voltage VasctH) | Vps=Vas: Ip =-250ynA | -20 | - | -40 | vi | 
Gate-Source Leakage Forward lass |Vgq@s=-20V | = | = | -100 | nA | 
Gate-Source Leakage Reverse less |Vgs=20V | = {| =  { 100 | nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgs = OV | = | = | -250 | WA | 
Vps = Max Rating x 0.8, Vas = OV, -1000 yA 
To = +1259C 
On-State Drain Current (Note 2) ID(ON) | YDS > !D(ON) X DS(ON) Max, Vgg = -10V 
IRF9240, IRF9241 =11 A 
IRF9242, IRFO24S rf - | - pa 
Static Drain-Source On-State TDS(ON) | VGS = 10V, ID =-6A 
Resistance (Note 2) 
IRF9240, IRF9241 0.35 9] 
IAF9242, IAFO2aS = [ross [07 | a 
Forward Transconductance (Note 2) Vps > ID(ON) X 'DSION) Max Ip = -6A | 4 | 6 | = | SU) 
Input Capacitance Ciss_ | Vas = OV, Vps = -25V, f = 1.0MHz | = | 1100 | - | pF I 
Output Capacitance Goss _| See Figure 10 ee 
Reverse Transfer Capacitance Crss | = | 150 | - | pF. 
Turn-On Delay Time | ton) | VDD =100BVpss,Ip=-11A,RG=9.12 | - | 18 | | ons | 
Rise Time See Figure 17.(MOSFET switching times 
es ee ee ee | ns | 
Turn-Off Delay Time td(OFF temperature.) j= | 6 | ons | 
Fall Time ae ae ee pons 
Total Gate Charge VGs =-10V, Ip =-11A, Vps = 0.8 Max 70 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 
: (Gate charge is essentially independent of 55 
ree Charg I eect pet tet see a 
Gate-Drain (“Miller”) Charge - 
Internal Drain Inductance Lp Measured between Modified MOSFET 
contact screw on symbol showing the 
header thatiscloser | internal device 


Junction-to-Case 


D 
= o 
ro) 


Rocs__ | Mounting surface flat, smooth and greased OC/W 
Junction-to-Ambient RoJA | Typical socket mount ae 30 °C/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Pulse Source Current 


Q 
= 


(Body Diode) (Note 3) 

Diode Forward Voltage (Note 2) To = +250C, Is = -11A, VGg = OV 

Reverse Recovery Time Ty = +1509C, Ip =-11A, dif/dt = 100A/us 

Reverse Recovered Charge | QrrR_ | Ty=+1509C, Ip =-11A, dig/dt = 100A/us uC 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


! ! 
_ _ 


Forward Turn-on Time oe | 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +259C, L = 9.8mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 252, Peak IL = 11A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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Zrnsclt/Rinyc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


IRF9240, IRF9241, IRF9242, IRF9243 
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0 -10 -20 -30 -40 -50 9 "2 “4 6 "8 "10 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


—T- OPERATION IN THIS AREA [7p 


Ip. ORAIN CURRENT (AMPERES) 
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TT TTA N sos ne LUT a5 
z 
S NIN 
eq EME Slit a ee is 100 ms ti Oo 
Qa 7S G8 S880 ee SS ee oe See. tee Qa 
. F—+— T Ee 25°C tt 
£ +054 © ; IRF9240, 9242-4 
i 4 = ee ow FS 
0 r a ge r 10 Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Vos. ORAIN TO-SOURCE VOLTAGE (VOLTS) 92GS-44199 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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SINGLE PULSE (TRANSIENT [| 
|__| | THERMAL IMPEDANCE) 


2. PER UNIT BASE = Rynyc = 1.0 DEG. C/W. 
a a 1 
Pp OO EY a ter 
10-5 2 5 10-4 2 5 19-3 2 7 10-2 2 5 10-1 2 5 1.0 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


1. DUTY FACTOR, D = "9 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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IRF9240, IRF9241, IRF9242, IRF9243 
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‘0.4 -0.6 -0.8 -1.0 -12 -1.44 -16 -1.8 
0 0 "20 730 40 “50 NEGATIVE Vcp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Ip. ORAIN CURRENT (AMPERES) 92GS-44170 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


BVpss. ORAIN TO SOURCE BREAKOOWN VOLTAGE 
(NORMALIZED) 
Ros(on). DRAIN TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


- Cyy Cay SHORTED 


FOR TEST CIRCUIT 
SEE FIGURE 18 


C CAPACITANCE (pF) 
Vgs. GATE TO-SOURCE VOLTAGE (VOLTS) 


Vos DRAIN TO SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9240, IRF9241, IRF9242, IRF9243 


Rosion). DRAIN TO. SOURCE ON RESISTANCE (OHMS) 


0 -10 -20 -30 -40 -50 -60 -710 
Ip. DRAIN CURRENT (AMPERES) 


Fig. 12 - Typical on-resistance vs. drain current. 
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o 
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wo 
Oo 


Pp. POWER DISSIPATION (WATTS) 


0 50 100 150 
Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power vs. temperature derating curve. 


Ro 
DUT rs Ps 
tp Rg + 
| 
Ves = -10 | 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


92CS-43280 


Fig. 17 - Switching time test circuit. 
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Tc, CASE TEMPERATURE (°C) 


Ip, ORAIN CURRENT (AMPERES) 


Fig. 13 - Maximum drain current vs. case temperature. 
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Ves =-10¥] | 
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VARY tp TO OBTAIN 
REQUIRED PEAK I, 


92CS-43278 


Fig. 15 - Unclamped inductive test circuit. 


BVoss 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 
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Ip 

CURRENT CURRENT 
SAMPLING SAMPLING 
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Fig. 18 - Gate charge test circuit. 
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Features 
e -2.5A and -3.0A, -80V and -100V 


IRF9510, IRF9511 
IRF9512, IRF9513 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


Package 


TO-220AB 
TOP VIEW 


* TDS(ON) = 1.2 and 1.62 
e Single Pulse Avalanche Energy Rated DRAIN 
¢ SOA is Power-Dissipation Limited 


¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


® High Input Impedance 


Description 


The IRF9510, IRF9511, IRF9512 and IRF9513 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated G 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRF9510 IRF9511 IRF9512 
Drain-Source VONBOGUT) cc0a ce ccd eed evede ved ee weanees Vos -100 -80 -100 
Drain-Gate Voltage (RGS = 20K{) (1)...... 6... ee eee VDGR -100 -80 -100 
Continuous Drain Current 
Te FE Gira xh emcee ad eecne cds ps dhneed ene xe sex hanes Ip -3.0 -3.0 -2.5 
TETAS ecaswenen seo se dee Ge deck denwew ded Rais Ip -2.0 -2.0 -1.5 
Pulsed Drain Current(3) ci sccccccs ves ccasaeweneses cass IDM =12 -12 -10 
Gate-SGurGe VONAGE oc os cdenc s¥ensa dese daceceeedzes Ves +20 +20 +20 
Maamum Power DISSIDALION «2500000 nenaceee ee ceens ees Pp 20 20 20 
(See Figure 14) 
Linear Beratinig FaCiot ss sicns oz vntivns den e5e Pee wan eagae ne 0.16 0.16 0.16 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............... Eas 190 190 190 
Operating and Storage Junction ............ eee ee TI, TSTG -55to+150 -55to+150 -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering............... Th 300 300 300 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +1509C 
2. Pulse Test: Pulse width < 300us,Duty Cycle < 2% fee Figures 15 and 16) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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P-CHANNEL ENHANCEMENT MODE 
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4. Vop = 25V, Start Ty = +25°C, L = 31.7mHy, Rg = 25N, Peak I = 3.0A 


2214.1 


Specifications IRF9510, IRF95117, IRF9512, IRF95713 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Twin | TvP_[ WAX_| UNITS 


Drain-Source Breakdown Voltage BVpss._ | Vas = OV", Ip = -250yuA 
IRF9510, IRF9512 -100 V 
IRFO611, IRFO513 P-so [| - | - | v | 
Gate Threshold Voltage Vascth) | Vos = Vas. Ip = -250nA [oo | = | 40 | ¥_ 


Gate-Source Leakage Forward less |VGg=-20V | - | - | -500 | nA | 
Gate-Source Leakage Reverse less |Vas=20V nA 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vgg = OV 


Vps = Max Rating x 0.8, Vgs = OV, -1000 yA 
To =+1259C 
“3.0 A 


On-State Drain Current (Note 2) 
IRF9510, IRF9511 


IRFOS12, IRFOSTS Pest - | - | A 
Static Drain-Source On-State DS(ON) | VG@S =-10V, Ip =-1.5A 
Resistance (Note 2) 
IRF9510, IRF9511 1.0 lz Q 
IRFO5T2, IRFOSTS ee ee ee 


Forward Transconductance (Note 2) VpS>ID(ON) X"DS(ON)Max'!p=-1-5A | 08 | 1.4 | - | SU) 
Input Capacitance Ciss_ | Vas = OV, Vps = -25V, f = 1.0MHz | - {| 180 | - | pF | 
Output Capacitance Coss _| Se Fare 10 [res 


7 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


=z 
[Gate-SourceGharge__———~—=«d—Cgs 
[Gos 
[Recs 


Vpp =0.5 BVpss; Ip = -3.0A, Rg = 502 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 

temperature.) 


Vas =—10V, Ip = -3A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


E 
atk 
oO 

QO =| 5 


= 


= 
2) 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
contact screw on tab 
to center of die. 


Measured from the 
drain lead, 6mm 
(0.25”) from pkg. to 
center of die. 
Measured from the 
source lead, 6mm 
(0.25”) from pkg. to 
source bonding pad. 


Ss 


Internal Source Inductance 


Cj 
Gate-Drain (“Miller”) Charge Cl 
Internal Drain Inductance 
Junction-to-Case ReJc 
Case-to-Sink Recs _ | Mounting surface flat, smooth and greased 
Junction-to-Ambient RaJA Typical socket mount 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P=N junc. rectifier. G 
S 


S 


To = +259C, Is = -3.0A, Ves = OV 
Tj = +1509, Ip = -3.0A, di¢/dt = 100A/us 
Tj = +1509, IF =-3.0A, dig/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


(@) 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpop = 25V, Start Ty = +25°C, L = 31.7mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 25, Peak I, = 3.0A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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P-CHANNEL 
POWER MOSFETs 


IRF9510, IRF9511, IRF9512, IRF9513 


Ip, DRAIN CURRENT (AMPERES) 


p= 
Ta cae seen 
[A ee 


a 
(ee ee ee ee | ee ees ee 


dian ae ees Ge CNS A GO, ea) NE ee: 
ie) —10 -—20 -30 -40 -—50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43263 92CS-43264 
Fig. 1 - Typical Output Characteristics Fig. 2 - Typical Transfer Characteristics 
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0.1 — ‘ESE sie 
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Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vde Drein Voltage (V) 
92CS-43265 
Fig. 3 - Typical saturation characteristic. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRF9510, IRF9511, IRF9512, IRF9513 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


Crss = Cgq 


Coss = Cds 


C, CAPACITANCE (pF) 
Vggs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


FOR TEST CIRCUIT 
SEE FIGURE 18 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9510, IRF9517, IRF9512, IRF9513 


Rps(on) MEASURED WITH CURRENT PULSE OF 
2.0 ys DURATION INITIAL Ty = 25 °C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 
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Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 15 - Unclamped inductive test circuit. 
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Fig. 14 - Power vs. temperature derating curve. 
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Fig. 16 - Unclamped inductive waveforms. 
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REGULATOR O (ISOLATED 
SUPPLY) 
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CURRENT CURRENT 
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REQUIRED PEAK I, RESISTOR RESISTOR 
92CS-43280 92CS-43281 
Fig. 17 - Switching time test circuit. Fig. 18 - Gate charge test circuit. 
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IRF9520, IRF9521 
IRF9522, IRF9523 


Avalanche Energy Rated 


ft HARRIS 


January 1994 P-Channel Power MOSFETs 
Features Package 
TO-220AB 
e -5A and -6A, -80V and -100V TOP VIEW 
* rDS(ON) = 9.62 and 0.82 
e Single Pulse Aval he E Rat 
Single Pulse Avalanche Energy Rated DRAIN — ne 
¢ SOA is Power-Dissipation Limited (FLANGE) DRAIN 
¢ Nanosecond Switching Speeds L. i GATE 


e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRF9520, IRF9521, IRF9522 and IRF9523 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


D 


designed for applications such as switching regulators, o 
switching converters, motor drivers, relay drivers, and drivers 4 7 
for high-power bipolar switching transistors requiring high G TT on 
speed and low gate-drive power. These types can be operated = re) 
directly from integrated circuits. < = 
The IRF types are supplied in the JEDEC TO-220AB plastic 0 im 
package. a 3 

Qu 


Absolute Maximum Ratings (TC = 25°C) Unless Otherwise Specified 


IRF9520 IRF9521 IRF9522 IRF9523 UNITS 
Drain-Source Voltage (1) .... 2... cece eee eee eee Vos -100 -80 -100 -80 V 
Drain-Gate Voltage (RGS = 20kK{2) (1)........... 0008. VDGR -100 -80 -100 -80 V 
Continuous Drain Current 
VOM Ee Cerrisansadbwisnbe einen tetenesnse acsassaees ID -6 -6 -5 -5 A 
TR 10GG. 60 nis cates isSke Eekawer eer ee dadeuennes Ip -4 -4 -3.5 -3.5 A 
PALS6EG DEIN GINTSNT IS) s svdicane cians nccee tesannneeaee IDM -24 -24 -20 -20 A 
Gate-Source VONAGE wise ces cs anenscnevsscewne vee ax Vas +20 +20 +20 +20 V 
Maximum Power DISsSIDaION 424.60 eee0ncecenenecsa news Pp 40 40 40 40 W 
(See Figure 14) 
Linger Deratind Facio’ ccc sxccccwene ce cen se scvavakeanux wee 0.32 0.32 0.32 0.32 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............... Eas 370 370 370 370 mJ 
Operating and Storage Junction ..............000. TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering............... Th 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vpp = 25V, Start Ty = +25°C, L = 15.4mHy, Rg = 25N, Peak |, = 6.0A 


2. Pulse Test: Pulse width < 300ps,Duty Cycle < 2% a 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 9281 1 
Copyright © Harris Corporation 1994 . 
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Specifications IRF9520, IRF9521, IRF9522, IRF9523 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_ | Vas=OV, Ip =-250yA Velie La. ee 
-100 V 


IRF9520, IRF9522 


IRF9521, IRF9523 a a 
=o [Vv _ 
Zero Gate Voltage Drain Current Vps = Max Rating, Veg = OV 
Vps = Max Rating x 0.8, V@s = OV, ~1000 HA 
hall 
On-State Drain Current (Note 2) ID(ON) | YDS> !D(ON) x DS(ON) Max, Veg = -10V al 
IRF9520, IRF9521 A 
IRF9522, IRF9523 
Static Drain-Source On-State 'DS(ON) | VGS =-10V, Ip = -3.5A wy 
Resistance (Note 2) 
IRF9520, IRF9521 c@) 
IRF9522, IRF9523 _ 
[Forward Transconductance (Note) | ats | Vos > Ib(ON) x DS(ON) Max =-S5A | 
Vas = 0V, Vos =~25V, f= 1.0MHz 30 
See Figure 10 
p 


50 


Ffurn-OnDelayTime | taon)_| VoD =0.5 BVpgg, Ip = -6.0A, Rg = 50 

See Figure 17.(MOSFET switching times 
- are essentially independent of operating 

td(OFF) _| temperature.) 

i 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge | Qgs 
Gate-Drain (‘Miller’) Charge | Qgq | 


Internal Drain Inductance Measured from the 
contact screw on tab 
to center of die. 
Measured from the 
drain lead, 6mm 
(0.25”) from pkg. to 
center of die. 


Lp 
Ls Measured from the 
8JC 


VGS = -10V, Ip = -6A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


E 


E 


n 
n 
n 
n 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 


a 


0 
5 
6 
5 
5 


Internal Source Inductance 


= | 


source lead, 6mm 
(0.25”) from pkg. to 
source bonding pad. 


2 
1 
4 
3. 
ce 


c.1 Ems 
Recs | Mounting surface flat, smooth and greased 
°C/W 


[oe] mht f ak f od 
a ololo 
ae Oo] ol So 


Raja | Typical socket mount 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
G 
Ss 


Is 
Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Vsp To = +259, Is = -6.0A, Ves = OV 
ter Ty = +1500C, Ip =-6.0A, di¢/dt = 100A/us 
| QrrR_ | Ty=+1500C, Ip = -6.0A, di¢/dt = 100A/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls +Lp. 


“1.5 


@) 


NOTES: 1. Ty = +25°C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +259C, L = 15.4mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 252, Peak IL = 6.0A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 


Ul 
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Ip. DRAIN CURRENT (AMPERES) 


Ip. ORAIN CURRENT (AMPERES) 


Zinsc(t/ Rinyc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


IRF9520, IRF9521, IRF9522, IRF9523 


: 
ay 
af 
al 
al 


80 us PULSE TEST 


NS 
Ht A 
SEe ERE 
tt te 


) 


= a Ge te 
0 -10 -20 -30 -40 -50 
Vps. ORAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. 
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4 5 
Vps. DRAIN TO-SOURCE VOLTAGE (VOLTS) 


y, 
7. 


Fig. 3 - Typical saturation characteristics. 
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bed us PuLse Test 
Vos > '!D(on) * 
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Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 2 - Typical transfer characteristics. 
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OPERATION IN THIS 
ay, 1S LIMITED 


Ten ar *c = ihc cetesas 
T,= 160°C max. 
Rye =3.92°C/W > 
SINGLE PULSE 

0.1 


Vde Drain Voltage (V) 


‘ee Sm 
=—, Lal 
: 
ae 

re em 
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Tl 
au 


5 | 
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Fig. 4 - Maximum safe operating area. 


iipemaHie 2. PER UNIT BASE « mele 3.12 DEG. CW. 


1-22 5 10°! 2 5 1.0 2 5 10 


ty, SQUARE WAVE PULSE OURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 


P-CHANNEL 
POWER MOSFETs 


BVoss. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


IRF9520, IRF9521, IRF9522, IRF9523 


as. TRANSCONOUCTANCE (SIEMENS) 


NEGATIVE Ipp, REVERSE DRAIN CURRENT 
(AMPERES) 


0.4 -06 -08 -10 -12 -14 -16 -1.8 


Ip. ORAIN CURRENT (AMPERES) NEGATIVE Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
a 92GS-44168 
Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


1.25 


0.95 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0.75 

-40 0 40 80 120 160 -40 0 40 80 120 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 

Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


_Ves=0 
{= 1MHz 


Ip = -8A 


a FOR TEST CIRCUIT 
= SEE FIGURE 18 
oO 
> 
2 2 
“ as 
: : PAC 
a — 
=) ve 
| UCSSS 
< r—) 
vo ” 
Oo [—) 
J 
rm Vos = -80V. 1RF9520, 9522 SS 
Sy ee 
2 Vos = -50V 
> | | 
Vos = -20V 
0 4 8 16 20 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy, TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9520, IRF9521, IRF9522, IRF9523 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL ) 


Rosion): DRAIN. TO-SOURCE ON RESISTANCE (OHMS) 
Ip. DRAIN CURRENT (AMPERES) 


0 5 10 ab 20 25 25 50 ? 125 150 
Ip. ORAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 


tp 
{ov | 
Ves= -10V 


— 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


92CS-43278 


ond 
Lid 
= 
= 
< 
5 
Fig. 15 - Unclamped inductive test circuit. a. 
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Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power vs. temperature derating curve. BVpss 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 


CURRENT -Vos 
REGULATOR & O (ISOLATED 
Rp SUPPLY) 
SAME TYPE 
12V 
BATTERY 
OUT ac Ps 
tp RG aa 
oe 
Ves = -10V 
a= L_F 
©) +Vpos 


| Ig Ip 
VARY tp TO OBTAIN CURRENT CURRENT 
REQUIRED PEAK I SAMPLING SAMPLING 


92CS-43280 RESISTOR RESISTOR 


92CS-43281 


Fig. 17 - Switching time test circuit. Fig. 18 - Gate charge test circuit. 
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i HARRIS IRF9530, IRF9531 
IRF9532, IRF9533 


Avalanche Energy Rated | 


January 1994 P-Channel Power MOSFETs | 
Features Package 
TO-220AB 
e -10A and -12A, -80V and -100V TOP VIEW 
* TDS(ON) = 9.3Q and 0.42 
¢ Single Pulse Avalanche Energy Rated DRAIN cae oe 
¢ SOA is Power-Dissipation Limited (FLANGE) ns PAIN 
¢ Nanosecond Switching Speeds L, GATE 


e Linear Transfer Characteristics 


¢ High Input Impedance 


te al Terminal Diagram 

The IRF9530, IRF9531, IRF9532 and IRF9533 are advanced 

power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 


enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic Ss 
package. 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRF9530 IRF9531 IRF9532 IRF9533 UNITS 
Drain-Source Voltage (1) isis sss csscsevsen cea csvesinns Vos -100 -80 -100 -80 V 
Drain-Gate Voltage (RGS = 20KQ) (1)... 2. cece ee eee VDGR -100 -80 -100 -80 V 
Continuous Drain Current 
FESO cos cexatecxdin ned newectyewex needs duwnness Ip -12 -12 -10 -10 A 
TG TOUS. cswcveddesniswieedwed sense eiecsaetnedas ID -7.5 -7.5 -6.5 -6.5 A 
Pulsed Drain Current(S) o06ccccacvcnscnassnnsavalscnane IDM -48 -48 -40 -40 A 
Gate-Source VONEGO c.csscdsccvscnsvescncss ovsleanns Vas +20 +20 +20 +20 V 
Maximum Power Dissipation .......scccccsscersslasunss Pp 75 75 75 tS W 
(See Figure 14) 
Linear Derating Factor.........ccccccccccccsccceccceeeecs 0.6 0.6 0.6 0.6 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............... Eas 500 500 500 500 mJ 
Operating and Storage Junction ................4. TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ............... Th 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vpp = 25V, Start Ty = +25°C, L = 5.2mHuy, Rg = 252, Peak IL = 12A 


2. Pulse Test: Pulse width < 300us,Duty Cycle < 2% ee Figuegs 15:.an0 1G) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 9921 1 
Copyright © Harris Corporation 1994 
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Specifications IRF9530, IRF9531, IRF9532, IRF9533 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS a aaa wears | 


Drain-Source Breakdown Voltage BVpss_| Va@s=OV, Ip =-250yuA 
IRF9530, IRF9532 


IRF9531, IRF9533 


Gate Threshold Voltage VasctH) | VpDsS=Vas; Ip = -250ynA 
Gate-Source Leakage Forward Ios Ves =-20V 
Vas = 20V 


Vps = Max Rating, Vgs = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
TG =+1259C 


VDS > !D(ON) X DS(ON) Max, Vgg = -10V 


[aA 
500 


Gate-Source Leakage Reverse Ios 
Zero Gate Voltage Drain Current IDss 


ep) 


On-State Drain Current (Note 2) 
IRF9530, IRF9531 
IRF9532, IRF9533 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9530, IRF9531 


IRF9532, IRF9533 


; 
[Turn Delay Time | 'a(OFF 
7 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge . 


Gate-Drain (‘Miller’) Charge 
Internal Drain Inductance 


ID(ON) 


TDS(ON) | VGS =-10V, Ip =-6.5A 


Sts | VpS > ID(ON) X (DS(ON) Max: !p = 6.5A 2.0 


Vas = OV, Vps = -25V, f = 1.0MHz 
See Figure 10 


Vpp =0.5 BVpss; Ip = -12A, Rg = 50 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


VGs = -10V, Ip = -12A, Vps = 0.8 Max 


Rating. See Figure 18 for test circuit. 


| -2.0 | 
—- 
Lt 
ne 
—- 
| 2.0 | 
—- 
= 
Lette! 
Ecce 
—— 
=a 
——- 
MLA 

(Gate charge is essentially independent of P= 

operating temperature.) = | 
—-_ 
ae 
a 
a 


Measured from the Modified MOSFET 
contact screw ontab | symbol showing the 
to center of die. internal device 
inductances. 


os] 


Measured from the 
drain lead, 6mm 
(0.25”) from pkg. to 
center of die. 
Measured from the 
source lead, 6mm 
(0.25”) from pkg. to 
source bonding pad. oS 


Janction=to-Case ci aacinT 
Case-to-Sink S Mounting surface flat, snooth and greased 


Junction-to-Ambient RaJA Typical socket mount 


Source Drain Diode Ratings and Characteristics 


internal Source Inductance 


— 
n” 


D FIalo 
oI [~ alo lL 
O}]c a 0 lm Im |? 
O ZIM lH |? 2) 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Ei 


ISM 


Modified MOSFET a 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Diode Forward Voltage (Note 2) Vsp To = +259, Is = -12A, Vas = OV 
Reverse Recovery Time trr Ty = +1509C, IF = -12A, dif/dt = 100A/us 
Reverse Recovered Charge Ty = +1509C, IF =-12A, dif/dt = 100A/ys 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°C, L = 5.2mH, 
2. Pulse Test: Pulse width < 300uns, junction temperature. See Transient Thermal Rg = 25, Peak IL = 12A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRF9530, IRF9531, IRF9532, IRF9533 


80 wS PULSE TEST 
Vos > 'pD(on) * RoS(on) max. 


vn _ 
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a vd 
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rs PF: 
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ae an) 


= — —— —" 
Vps. DRAIN-TO-SOURCE ieee uae Vos. GATE-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43288 92CS-43289 
Fig. 1 - Typical Output Characteristics Fig. 2- Typical Transfer Characteristics 


td Oram Current (A) 


Ip, DRAIN CURRENT (AMPERES) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vde Drain Voltage (V) 


92CS-43290 


Fig. 3 - Typical saturation characteristic. Fig. 4 - Maximum safe operating area. 


ce NOTES. 


oO. 2-4 eees ea sass 
nie 
ana 
. == 1. DUTY FACTOR, D = ty/tg 
2. PER UNIT BASE =R Jj¢ 
i acl PULSE (TRANSIENT rH Ht = 1.67 DEG. C/W. 8 
H THERMAL IMPEDANCE) 3.Tym-Tc 
= Pom: Zgsclt)> Rguc 


Zgucl(t), NORMALIZED 
EFFECTIVE TRANSIENT 


THERMAL IMPEDANCE (PER UNIT) 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


92CM- 43325 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRF9530, IRF9531, IRF9532, IRF9533 


A a 
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Vos > !pion) * RDS(on) max. 
80 pS PULSE TEST 
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IpR, REVERSE DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


92CS-43293 92CS-43270 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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BVpss, DRAIN-TO-SOURCE BREAKDOWN 
VOLTAGE (NORMALIZED) 


Rps(on), ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
92CS-43294 92CS-43303 


Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


Ves =9 
f= 1 MHz 


Ip =—-15A 
FOR TEST CIRCUIT 
SEE FIGURE 18 


Coss = Cds + 


C, CAPACITANCE (pF) 
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oO =10 -—20 -30 -40 -50 32 40 
Vps; DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
92CS-43296 92CS-43326 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9530, IRF9531, IRF9532, IRF9533 
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Rpsi(on) MEASURED WITH CURRENT PULSE OF 2.0yS 
DURATION. INITIAL Ty = 25 °C. (HEATING 
EFFECT OF 2.0 uS PULSE IS MINIMAL.) 
ie) -10 =20 -30 
Ip, ORAIN CURRENT (AMPERES) 


-40 -50 


92CS-43298 


Fig. 12 - Typical on-resistance vs. drain current. 


Pp, POWER DISSIPATION (WATTS) 


Tc, CASE TEMPERATURE (°C) 


92CS-43305 


Fig. 14 - Power vs. temperature derating curve. 


Rp 


DUT 
tp RG 


VARY tp TO OBTAIN 
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Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 15 - Unclamped inductive test circuit. 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 
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O (ISOLATED 
CURRENT SUPPLY) 
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4 IG Ip 


CURRENT CURRENT 
SAMPLING SAMPLING 
RESISTOR RESISTOR 

92CS-43281 


Fig. 18 - Gate charge test circuit. 


i HARRIS IRF9540, IRF9541 
IRF9542, IRF9543 


Avalanche Energy Rated 


January 1994 P-Channel Power MOSFETs 
Features Package 
TO-220AB 
© -15A and -19A, -80V and -100V TOP VIEW 
* TDS(ON) = 9.202 and 0.302 
¢ Single Pulse Avalanche Energy Rated DRAIN a 


e SOA is Power-Dissipation Limited (FLANGE) 
® Nanosecond Switching Speeds | R [$< GATE 
e Linear Transfer Characteristics 


e High Input Impedance 


Description : : 
- Terminal Diagram 
The IRF9540, IRF9541, IRF9542 and IRF9543 are advanced 
power MOSFETs designed, tested, and guaranteed to N-CHANNEL ENHANCEMENT MODE 


withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel 

enhancement-mode silicon-gate power field-effect transistors D 
designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated G 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. S 
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Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRF9540 IRF9541 IRF9542 IRF9543 UNITS 
Drain=Source Voltage (1) ....sccccceccnassannceeeaees Vos -100 -80 -100 -80 V 
Drain-Gate Voltage (RGS = 20kK2Q) (1)... 2... eee eee eee VDGR -100 -80 -100 -80 V 
Continuous Drain Current 
Fe i wVesebe nieuedcuvasedierdidintondananwns ID -19 -19 -15 -15 A 
TGS TOOTS cuss wn cnacswanraoekenwns eiaweeins wanwns « ID “12 ~12 -10 -10 A 
Pulsed Drain Curfent(S) .csccccccsscccasisccacenaneswn IDM =o “fo -60 -60 A 
SRO“ SOUCS VONGAG: 22s cerkdievkedndies tennacnea nee Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 2... s.ccscsosseusessenwass Pp 125 125 125 125 W 
(See Figure 14) 
Linear Derating Factor.........cscccnccccescvcscnncseccns 1 1 1 1 W/9°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4).............-. Eas 960 960 960 960 mJ 
Operating and Storage Junction ...............06. TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 °C 
Tempe’ ~' ire Range 
Maximum cad Temperature for Soldering............+.. Th 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vop = 25V, Start Ty = +25°C, L = 4mH, Rg = 25N, Peak IL = 19A 


2. Pulse Test: Pulse width < 300us,Duty Cycle < 2% eae Figures 18)ane 16) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRF9540, IRF9541, IRF9542, IRF9543 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


contact screw ontab | symbol showing the 
to center of die. internal device 


Lad 
eae 


n 
inductances. nH 


Measured from the 
drain lead, 6mm 
(0.25”) from pkg. to 
center of die. 
Measured from the 
source lead, 6mm 
(0.25”) from pkg. to 
source bonding pad. oS 


Junction-to-Case Roc | CCS 
Case-to-Sink Recs _ | Mounting surface flat, smooth and greased 


Junction-to-Ambient Typical socket mount 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Internal Source Inductance 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = -250ynA 
IRF9540, IRF9542 -100 V 
een ees ee ee 
Gate Threshold Voltage VasctH) | Vos =VGs, Ip =-250uA | -20 | - | -40 | vi | 
Gate-Source Leakage Forward lass |VGsg=-20V | = | = | =600 | nA | 
Gate-Source Leakage Reverse less |VG@s=20V | = {| -  { 500 | nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgg = OV | = | = | 250 | pA | 
Vps = Max Rating x 0.8, Vgs = OV, -1000 yA 
To = +125°C 
On-State Drain Current (Note 2) ID(ON) | YDS>!D(ON) X DS(ON) Max, Vgs = -10V 
IRF9540, IRF9541 “19 A 
iRFO542, IRFO5AS as [- [- [a 
Static Drain-Source On-State VG@s =-10V, Ip =-10A 
Resistance (Note 2) 
IRF9540, IRF9541 0.15 0.20 9) 
iRFO542, IRFOSAS [= [022 [030 [a 
Forward Transconductance (Note 2) Vps > ID(ON) X DS(ON) Max !p = -6A | 5 | 7 {[ - | S@) 
Input Capacitance Ciss__| Vas = OV, Vps = -25V, f = 1.0MHz 1100 | - | pF 
Output Capacitance See Figure 10 | 550 | - | pF 
Reverse Transfer Capacitance | 250 | = | pF 
Turn-On Delay Time Vpp =0.5 BVps¢, Ip = -19A, Rg = 9.19 ns 
Rise Time See Figure 17. (MOSFET switching times 65 100 
a ee es arg liv indo artontcooeetie | 65 | 100 | 
Turn-Off Delay Time temperature.) 
Fall Time it 
Total Gate Charge Vas =-10V, Ip = -19A, Vps = 0.8 Max 70 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 
Gate-Source Charge (Gate charge is essentially independent of 14 nG 
- - : operating temperature.) = 
Gate-Drain (‘Miller’) Charge | ef = | nC 
Internal Drain Inductance Measured from the Modified MOSFET ee) H 
1 


1.0 


io) 


ai 
© 


Diode Forward Voltage (Note 2) Vsp TG = +259C, Ils = -19A, Ves = OV 


Ty = +1500, Ip = 19A, dig/dt = 100A/us 
| Qrr_ | Ty=+1509C, If = 19A, dif/dt = 100A/us 


Q 


Forward Turn-on Time 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°9C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 25V, Start Ty = +25°C, L = 4mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 250, Peak IL = 19A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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Zthucl(t)/Renyc. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


IRF9540, IRF9541, IRF9542, IRF9543 


-100 


-14V 


any 2 
oo /Seeeeee 
Oe A memsnsen coo 


-80 


Ip, ORAIN CURRENT (AMPERES) 
Ip, ORAIN CURRENT (AMPERES) 


a 
—— ; 
a) a 
ez ae - = 
=a ‘esa 
20 cach, a Saat a 
= is 
hele a 
ie ee = 
ah ottto tt | i tl 
0 -10 -20 -30 -40 -50 0 -2 -4 -6 -8 -10 -12 -14 
Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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P-CHANNEL 
POWER MOSFETs 


Ip, ORAIN CURRENT (AMPERES) 


— IRFS541 
_ IRF9S43 


Ve Drein Voltage (V) 


Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


- <2 
ae 
= _—-—_— .meeee : a 
~~ hey | | Pi 
CT 


SINGLE PULSE (TRANSIENT 
THERMAL IMPEDANCE) 


Banil Baill 
| | Tt ret tT TT TT % Tig: Tee Be Zacitl 
Ee HEE HE EHH = ' 
10-5 2 5 10-4 2 5 10-3 2 5 10-2 2 5 10-1 2 5 1.0 2 5 10 
ty, SQUARE WAVE PULSE DURATION (SECONDS) 


1. DUTY FACTOR, D = "7 


- i 
ae a 
= = an 
J = a 
= = oe 
| ma 


2. PER UNIT BASE = Rin = 1.0 0EG. C/W. 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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IRF9540, IRF9541, IRF9542, IRF9543 


- 100 


| mms | | | | | | 
Vos. > !D(on) * Ros(on)max. | te | 


12 


I 
_ 
i=) 


me an we 
eat? sees 
ATT TE 
| ee 


gy,, TRANSCONDUCTANCE (SIEMENS) 


NEGATIVE Ipp, REVERSE DRAIN CURRENT 
(AMPERES) 


-0.1 
-0.4 
0 -20 40 -60 -80 “100 NEGATIVE Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Ip, ORAIN CURRENT (AMPERES) 
92G5-44167 
Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


a\ee000 
COTTE 


BVpss. DRAIN. TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 
ERR 


PT IN TT tT | tt 
py 


075 
-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) T), JUNCTION TEMPERATURE (°C) 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


FOR TEST CIRCUIT 
SEE FIGURE 18 


C, CAPACITANCE (pF) 
Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qy, TOTAL GATE CHARGE (nC) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9540, IRF9541, IRF9542, IRF9543 


0.22 


0.18 


0.10 F~Rps(on) MEASURED WITH CURRENT PULSE 
OF 5 us PULSE DURATION. INITIAL Ty = 25°C. 
(HEATING EFFECT OF 5 us PULSE IS MINIMAL.) 


Rosion). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 -20 -40 -60 -80 -100 
Ip, DRAIN CURRENT (AMPERES) 


Fig. 12 - Typical on-resistance vs. drain current. 
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100 


50 


Pp. POWER DISSIPATION (WATTS) 


0 50 100 150 
Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power vs. temperature derating curve. 


tp RG + 


Ves = -10V 


VARY ty TO OBTAIN 
REQUIRED PEAK I, 


92CS-43280 


Fig. 17 - Switching time test circuit. 
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EN cprsseogsa 
SIN 
1RF9542,9543 


KS 


Ip, DRAIN CURRENT (AMPERES) 


™~ 
= 
— 
= 
= 


0 590 100 150 
Tc, CASE TEMPERATURE (°C) 


Fig. 13 - Maximum drain current vs. case temperature. 
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} ovl 
V6s= -10V 
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VARY tp TO OBTAIN 
REQUIRED PEAK I, 


92CS-43278 


Fig. 15 - Unclamped inductive test circuit. 


BVpss 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 


CURRENT -Vos 
REGULATOR & 


O (ISOLATED 
SUPPLY) 


SAME TYPE 


CURRENT CURRENT 
SAMPLING SAMPLING 
RESISTOR RESISTOR 


92CS-43281 


Fig. 18 - Gate charge test circuit. 
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Py AFIS IRF9620, IRF9621 
IRF9622, IRF9623 


Avalanche Energy Rated 
August 1991 P-Channel Power MOSFETs 


uD 


Features Package 
TO-220AB 
e -3A and -3.5A, -150V and -200V TOP VIEW 


* TDS(ON) = 1-5 and 2.40 


e Single Pulse Avalanche Energy Rated 
e SOA is Power-Dissipation Limited (FLANGE) ao DRAIN 


e Nanosecond Switching Speeds | : _ ee ATE 


e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRF9620, IRF9621, IRF9622 and IRF9623 are advanced 

power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 
enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 


Absolute Maximum Ratings (TC = 25°C) Unless Otherwise Specified 


IRF9620 IRF9621 IRF9622 IRF9623 


Drain-Source Voltage (1) -200 -150 -200 -150 
Drain-Gate Voltage (RGs = 20kN:) (1) -200 -150 -200 -150 
Continuous Drain Current 
-3.5 -3.5 
Tc = 100°C -2 -2 
Pulsed Drain Current (3) -14 -14 
Gate-Source Voltage +20 +20 
Maximum Power Dissipation 40 40 
(See Figure 14) 
Linear Derating Factor 0.32 0.32 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) Eas 290 290 290 290 
Operating and Storage Junction TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C 4. Vop = SOV, Start Ty = +25°C, L = 35.5mH, Rg = 25N, Peak IL = 3.5A 
2. Pulse Test: Pulse width < 300us,Duty Cycle < 2% yaes Figures 12 Gna Ts) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2283 
Copyright © Harris Corporation 1991 
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Specifications IRF9620, IRF9621, IRF9622, IRF9623 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss’__ | Vas= OV, Ip = -250ynA 
IRF9620, IRF9622 


IRF9621, IRF9623 


vps= Ves. 1p = 25008 C20 [=| a0 
[Gate-SourceLeakageFoward | igs [Ves=-20 = J = 800k 
[Gato-Source Leakage Reverso | igs |Vas=20v —} = [=] 00 [na 
Zero Gate Voltage Drain Current Vps = Max Rating, Vag = OV | = | - | -250 ] pA | 


Vps = Max Rating x 0.8, Vgs = OV, -1000 yA 
TG =+1259C 


On-State Drain Current (Note 2) 
IRF9620, IRF9621 
IRF9622, IRF9623 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9620, IRF9621 


IRF9622, IRF9623 


Vas = OV, Vps = -25V, f = 1.0MHz 
See Figure 10 


Turn-On Delay Time | ta(on) | Vpp =0.5 BVpss, Ip = -3.5A, Rg = 502 


See Figure 17.(MOSFET switching times 
are essentially independent of operating 
temperature.) 


4 
2) 
oO 
To 
Tl 


oe) 
ma 


2 | 
| 50 | 100 | 
| 120 | 


Fall Time 
Total Gate Charge Vas =-10V, Ip = -3.5A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 
Gate-Source Charge (Gate charge is essentially independent of 
|Gate-SourceCharge | gs | erating tomperature) 


Gate-Drain (‘Miller’) Charge 

Lp Measured from the 
contact screw on tab 
to center of die. 
Measured from the 
drain lead, 6mm 
(0.25”) from pkg. to 
center of die. 


Internal Drain Inductance 
Measured from the 


source lead, 6mm 
(0.25”) from pkg. to 


source bonding pad. 5S 


Tunotion-to-Gase Nc A A 
Roos | Mounting surface Tat, smocthandgreased | _- | 10 __ 


Junction-to-Ambient Roja | Typical socket mount 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse ‘ 
(Body Diode) (Note 3) P-N junc. rectifier. 
Ss 


= 
oO) 
Nh 
ine) 
= | 


= 
.@) 


S 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


$ nn - We 
E 
E 
oO 
5 ne} 
QO QO nN 


ioe) 
Ez 
as 


Internal Source Inductance 


To = +259C, Ig = -3.5A, Vas = OV 
Ty = +150°C, Ip = -3.5A, dif/dt = 100A/us 


Ty = +150°C, Ip = -3.5A, dif/dt = 100A/us 


Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 35.5mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Re = 252, Peak I, = 3.5A (See Figures 15 
Duty Cycle < 2% impedance Curve (Figure 5) and 16) 
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IRF9620, IRF9621, IRF9622, IRF9623 


80 us PU LSE TEST 


Vos > 'p(on) * 
ROS(on) max. 


Ip, DRAIN CURRENT (AMPERES) 
Ip, ORAIN CURRENT (AMPERES) 


0 -10 -20 -30 -40 -50 . 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


= 
80 us PULSE TEST 
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Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 92G$-44205 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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THERMAL IMPEDANCE (PER UNIT) 


4 st om 
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eee =ae —m Se | puty FAcToR.o= tL 
pT SINGLE PULSE (TRANSIENT 2 
at |. 
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vo CLC CEE 2, 1m, Te Po se 
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ty, SQUARE WAVE PULSE DURATION (SECONDS) 


0.02 


ZthdC!t)/Ringc. NORMALIZED EFFECTIVE TRANSIENT 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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IRF9620, IRF9621, IRF9622, IRF9623 


IAT TOLL 
Polit tt tt | 
Yi itt ttt tt 
SRS RRRES 


Ip, ORAIN CURRENT (AMPERES) 


gf,. TRANSCONDUCTANCE (SIEMENS) 


Fig. 6 - Typical transconductance vs. drain current. 


BV pss, ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


120 160 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 8 - Breakdown voltage vs. temperature. 


Cigs = Cos + Cag, Cds SHORTED 
Criss = Cod 


C, CAPACITANCE (pF) 


Vps. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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NEGATIVE lpg, REVERSE ORAIN CURRENT 


(AMPERES) 


NEGATIVE Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
92GS-44169 
Fig. 7 - Typical source-drain diode forward voltage. 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Pt tT tT TN 
SRSARERS 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 9 - Normalized on-resistance vs. temperature. 


FOR TEST CIRCUIT 
SEE FIGURE 18 


Vos. GATE-TO- SOURCE VOLTAGE (VOLTS) 


Qy. TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9620, IRF9621, IRF9622, IRF9623 


Ros(on) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Rosion), DRAIN TO-SOURCE ON RESISTANCE (OHMS) 


0 4 8 12 16 -20 
Ip. ORAIN CURRENT (AMPERES) 


Fig. 12 - Typical on-resistance vs. drain current. 


Py, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power vs. temperature derating curve. 
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Fig. 17 - Switching time test circuit. 
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Ip, DRAIN CURRENT (AMPERES) 


Tc, CASE TEMPERATURE (°C) 


Fig. 13 - Maximum drain current vs. case temperature. 
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92CS-43278 


Fig. 15 - Unclamped inductive test circuit. 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 


IRF9630, IRF9631 
IRF9632, IRF9633 


Avalanche Energy Rated 
August 1991 P-Channel Power MOSFETs 


it HARRIS 


Features Package 


e -5.5A and -6.5A, -150V and -200V ae 


* TDS(ON) = 0.82 and 1.2 
¢ Single Pulse Avalanche Energy Rated 


DRAIN ata 
—O———————_ 
¢ SOA is Power-Dissipation Limited (FLANGE) a 
¢ Nanosecond Switching Speeds , _ J GATE 


e Linear Transfer Characteristics 


e High Input Impedance 


ssichaicti saat Terminal Diagram 

The IRF9630, IRF9631, IRF9632 and IRF9633 are advanced 

power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 


enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic Ss 
package. 
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Absolute Maximum Ratings (TC = 25°C) Unless Otherwise Specified 


IRF9630 IRF9631 IRF9632 IRF9633 UNITS 
Drain-Source Voltage (1) ...... cece eee e cece cece eeeees Vos -200 -150 -200 -150 V 
Drain-Gate Voltage (RG@S = 20kK|D) (1)... . eee eee ee eee VDGR -200 -150 -200 -150 V 
Continuous Drain Current 
TM 2o ir nsnandtawtdaghan ecudent camnde taneeenwen? ID -6.5 -6.5 -§.5 5.5 A 
TE TOGPIS sisscccesssscvecccankoavenav saneneea e's ID -4.0 -4.0 -3.5 -3.5 A 
Pulsed Drain Current (3) asics scaccecacseeeuns caves cannes lpm -26 -26 -22 -22 A 
GAOKSOUres VONAGE si.cckwncv even esavediaweseen wwe Vas +20 +20 +20 +20 V 
Maximum Power Dissipation ...csnccssccncensannwanwen's Pp 75 75 75 75 W 
(See Figure 14) 
Linear Deratia FaClOh i icvcsicccssedeseensatauresonvexaese 0.6 0.6 0.6 0.6 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............... Eas 500 500 500 500 mJ 
Operating and Storage Junction .............0006. TU, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering ............06. TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vop = SOV, Start Ty = +25°C, L = 17.55mH, Rg = 25N, Peak |, = 6.5A 


2. Pulse Test: Pulse width < 300us,Duty Cycle < 2% eae Figunes 15 arm 16) 


3. Repetitive Rating: Pulse width limited by max, junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 9994 
Copyright © Harris Corporation 1991 
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Specifications IRF9630, IRF9631, IRF9632, IRF9633 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss | VGs=OV, Ip =-250uA loi Wee ee 


IRF9630, IRF9632 V 
IRF9631, IRF9633 p-150 | - | - | V 
[Gate ThresholdVoltage | Vast) |[Vps=Vas.Ip=-250vA_ | 2.0 | - | 40 | OV 


[Gate-Source LeakageFoward | loss |Vas=-20V——~—S S| | 800 | 
[Gate-Source Leakagerieverse | Ioss_|Vas=20V_———S | = | = | 500 | rv 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF9630, IRF9631 
IRF9632, IRF9633 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9630, IRF9631 


IRF9632, IRF9633 


ID(ON) 


VDS > ID(ON) X DS(ON) Max, Vag = -10V 


ipss | Vos = Max Rating, Vag = OV ee ee 
Vps = Max Rating x 0.8, Vgg = OV, -1000 | pA 
To =+1259C 


U 
o 
1) 


| 
On 
Lo) 


2) 


1?) 


DS(ON) | VGS = -10V, Ip = -3.5A 


on ¢ 
afalafels 
—S — 
ol1o 
Oo1o nm 


=a} a 
© 


ié) 


Forward Transconductance (Note 2) 9fs | VpS>!IDION) X'DSION) Max Ip =3.5A 2.2 
Input Capacitance Ciss Vas = OV, Vps = -25V, f = 1.0MHz 
Output Capacitance Coss _ | See Figure 10 170 


Reverse Transfer Capacitance Crss 
Turn-On Delay Time td(ON Vpp =0.5 BVpssg; Ip = -6.5A, Rg = 502 


Rise Time See Figure 17.(MOSFET switching times 


are essentially independent of operating 
Turn-Off Delay Time td(OFF temperature.) 
Fall Time | te | 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge | Qgs | 
source bonding pad. 


[Gate-Drain (‘Miler"VGnarge | _Qgd 
Tunction-to-Gase Troe [SSS 


6 
Internal Drain Inductance Lp 
Ls 
RoJC 
Case-to-Sink Rocs__ | Mounting surface flat,smoothandgreased | - | 1.0 | - | °C/W | 
Junction-to-Ambient Roya | Typical socket mount | = | = [ 80 | SCA 


Source Drain Diode Ratings and Characteristics 


Vas =-10V, Ip = -6.5A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


WO 
— 
q) 


@) 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 


Measured from the 
contact screw on tab 
to center of die. 


Measured from the 
drain lead, 6mm 
(0.25”) from pkg. to 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from pkg. to 


Internal Source Inductance 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


To = +259C, Ils = -6.5A, Vag = OV 
trr Ty = +1509C, IF = -6.5A, dif/dt = 100A/us 


Diode Forward Voltage (Note 2) 


Tj = +1500C, Ir = -6.5A, diF/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +259C, L = 17.75mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 2520, Peak I = 6.5A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRF9630, IRF9631, IRF9632, IRF9633 


80 us PULSE TEST 
Vos > !Dion) * RDS(on)MAX. 
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WwW 

a. a 
= = 
= < 
ad I 
2 z 
Ww Ww 
a x 
oe x 
=] > 
Oo So) 
z z 
= < 
x © 
fa) ra) 
2 i 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vqs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


92CS-43308 92CS-43309 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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xc 
u a 
= = Pes bemne (dp) 
< < =e ZO 
a E I z 
- 5 Pa <= 
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-1.0 -10 -—100 -1000 
Me: SSeS OUnes SOLIAGE WOhie) Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43310 92GS 44026 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


t2 


ss . DUTY FACTOR, D = ty/to 
Fe . PER UNIT BASE = Ro jc 


H SINGLE PULSE (TRANSIENT = 1.67 DEG. C/w. 
THERMAL IMPEDANCE) -Tym-Tc 


= Pom: Z@scit) ° Rguc 


Z@uc(t), NORMALIZED 
EFFECTIVE TRANSIENT 


THERMAL IMPEDANCE (PER UNIT) 


ty, SQUARE WAVE PULSE DURATION (SECONDS) 


92CM- 43325 


Fig. 5 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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IRF9630, IRF9631, IRF9632, IRF9633 


80 wS PULSE TEST 
Vos > !p(on) * Ros(on) max. 
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Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Ip, ORAIN CURRENT (AMPERES) 


92CS-43312 92CS-43270 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN 
VOLTAGE (NORMALIZED) 


PET TTT Re 
PEE 


iti || 
EaEE 


= 
2 
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Qa 
« 
—40 C) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
92CS-43294 92CS-43313 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


FOR TEST CIRCUIT 
SEE FIGURE 18 


Cres = Cga 


Coss = Cas + > 7 — 
oss ds Cgs + Cog 


a 


C, CAPACITANCE (pF) 
Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Vps; DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 


92CS-43314 92CS-43479 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9630, IRF9631, IRF9632, IRF9633 


Ros(on) MEASURED WITH CURRENT PULSE OF 2.0 uS 
DURATION. INITIAL Ty = 25 °C. (HEATING 
EFFECT OF 2.0 pS PULSE IS MINIMAL) 
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ON RESISTANCE (OHMS) 


Ip, DRAIN CURRENT (AMPERES) 
92CS-43316 


Fig. 12 - Typical on-resistance vs. drain current. 


Pp, POWER DISSIPATION (WATTS) 
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Tc, CASE TEMPERATURE (°C) 
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Fig. 14 - Power vs. temperature derating curve. 
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VARY tp TO OBTAIN 
REQUIRED PEAK I, 


92CS-43280 


Fig. 17 - Switching time test circuit. 
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Ip, ORAIN CURRENT (AMPERES) 


Tc, CASE TEMPERATURE (°C) 


92GS-44029 


Fig. 13 - Maximum drain current vs. case temperature. 
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VARY tp TO OBTAIN 
REQUIRED PEAK I 


92CS-43278 


Fig. 15 - Unclamped inductive test circuit. 
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Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 


” 
tu 
7 
> W”) 
=O 
{t= 
Lo 
a = 
ao 

re) 
a. 


i HARRIS IRF9640, IRF9641 


IRF9642, IRF9643 


Avalanche Energy Rated | 


August 1991 P-Channel Power MOSFETs 

Features Package 

TO-220AB 
e -9A and -11A, -150V and -200V TOP VIEW 
* TDS(ON) = 9.52 and 0.72 
e Single Pulse Avalanche Energy Rated — 

hpi —— > source 

¢ SOA is Power-Dissipation Limited (FLANGE) Some DRAIN 
e Nanosecond Switching Speeds L. a GATE 


e Linear Transfer Characteristics 


® High Input Impedance 


eaGHPENOR Terminal Diagram 

The IRF9640, IRF9641, IRF9642 and IRF9643 are advanced 

power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 


enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
IRF9640 IRF9641 IRF9642 IRF9643 UNITS 


Drain-Source Voittaget)) «is ccesecccessaascvacevewss Vos -200 -150 ~-200 -150 V 
Drain-Gate Voltage (RGsS = 20kND)(1)...........000 ee VDGR -200 -150 -200 -150 V 
Continuous Drain Current 
FG 8 25°C, cscs cvasescsvecenanewnnercevecdeasasvnn Ip -11 -11 -9 -9 A 
TE TOPS 66a ci0esccecscicsaseeensaseessewneaes Ip =? =7 -6 -6 A 
Pulsed Of6in CUPGGUGS) ccc ccccenesdenswewcanswentes IDM -44 -44 -36 -36 A 
Gate-Source Voltage ..cccsessccsccsvensvseunseseses Ves +20 +20 +20 +20 V 
Maximum Power Dissipation ...........0ccccsecececeees Pp 125 125 125 125 WwW 
(See Figure 14) 
Linear Deraling FAO. .<cc.ccscawssvecenens doa reenenuens 1 1 1 1 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............... Eas 790 790 790 790 mJ 
Operating and Storage Junction ..............008- TI, TSTG -55to+150 -55to+150 -55to+150 -55to+150 o¢ 
Temperature Range 
Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vop = SOV, Start Ty = +25°C, L = 9.8mH, Rg = 25N, Peak IL = 11A 


2. Pulse Test: Pulse width < 300ys,Duty Cycle < 2% ae eee TS aNS Te 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


File Number 2284 
Copyright © Harris Corporation 1991 ‘ : 
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Specifications IRF9640, IRF9641, IRF9642, IRF9643 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_| VGs= OV, Ip =-250ynA 
IRF9640, IRF9642 


IRF9641, IRF9643 


Vos = Vas, 1p = 281A 20 [=p a 
[Gate-Source Leakage Forward | Iggs_|Vag==20v] -- | =] -s00-[ na] 
[Gate-Source Leakage Reverse | loss |Vag=20V 500] a 
Zero Gate Voltage Drain Current Vps = Max Rating, Veg = OV | - | - | -250 | pA | 


Vps = Max Rating x 0.8, Ves = OV, -1000 pA 
To = +1259C 


On-State Drain Current (Note 2) 
IRF9640, IRF9641 
IRF9642, IRF9643 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9640, IRF9641 


IRF9642, IRF9643 


Forward Transconductance (Note 2) 

Input Capacitance Vas = OV, Vps = -25V, f = 1.0MHz 

Output Capacitance See Figure 10 

Reverse Transfer Capacitance 

Turn-On Delay Time | ta(ON) | Vpp =0.5 BVpss, Ip =-11A, Rg = 9.12 
pe 

: are essentially independent of operating 

Turn-Off Delay Time ta(OFF)_| temperature.) 

Fall Time L ae 

Total Gate Charge 

(Gate-Source + Gate-Drain) 

Gate-Source Charge | Qgs | 


Gate-Drain (“Miller”) Charge ; 


Internal Drain Inductance Lp Measured from the Modified MOSFET 
contact screw ontab | symbol showing the 
to center of die. internal device 


Measured from the inductances. 
drain lead, 6mm 

(0.25”) from pkg. to 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from pkg. to 
source bonding pad. 


Gunation-to-Case——SCS—~sCS APCS > | Or 
[Gase-to-Sink | Roos | Mounting surface flat, smooth and greased _|_- | 10 | - | CGM 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier, G 
S 


Pulse Source Current 

(Body Diode) (Note 3) 

Diode Forward Voltage (Note 2) To = +250G, Ig = -11A, Vgg = OV 

Reverse Recovery Time Ty = +1509C, Ir =-11A,di-/dt=100A/us | - | 300 | - | ns | 
Reverse Recovered Charge | QrRR_ | Ty=+150°C, IF =-11A,dip/dt=100A/us | - | 19 | - { wc | 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


ID(ON) 


Vas =-10V, Ip = -11A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Internal Source Inductance 


NOTES: 1. Ty = +259C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty) = +25°C, L = 9.8mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 252, Peak || = 11A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRF9640, IRF9641, IRF9642, IRF9643 
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Fig. 3 - Typical saturation characteristics. 
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Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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-10 -2 -5 -10 -20 -50 -100 -200 
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


1. DUTY FACTOR, D = “ 
2. PER UNIT BASE = Renyc = 
3. Tym - To = Pom Ztnsclt) 


- 500 


92GS-44204 


Fig. 4 - Maximum safe operating area. 
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IRF9640, IRF9641, IRF9642, IRF9643 


a 80 us PULSE TEST 
| | 


Vos: 7! Dion) * Ros 


G¢,. TRANSCONDUCTANCE (SIEMENS) 


fi. 
7Zesnr see 


yaa 


(on)max. 


0 -10 -20 -30 -40 -50 


Ip. DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 


BVpss. DRAIN TO SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0 85 


-80 -40 0 40 80 


Ty, JUNCTION TEMPERATURE (°C 


120 160 


) 


Fig. 8 - Breakdown voltage vs. temperature. 


C, CAPACITANCE (pF) 


Vps. ORAIN-TO- SOURCE VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


5-93 


NEGATIVE Ing, REVERSE DRAIN CURRENT 


(AMPERES) 


92GS-44170 
Fig. 7 - Typical source-drain diode forward voltage. 
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— 
on 


ROS(on). ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty. JUNCTION TEMPERATURE (°C) 


Fig. 9 - Normalized on-resistance vs. temperature. 


Ip =-14A 
FOR TEST CIRCUIT 
SEE FIGURE 18 


Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Qy, TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9640, IRF9641, IRF9642, IRF9643 


Be a aan 
Lo ane 
| 


| 
Rosion) MEASURED WITH CURRENT PULSE OF Ll des 
5 us PULSE DURATION INITIAL Ty = 25°C | {| 
(HEATING EFFECT OF 5 us PULSE IS MINIMAL ) gREe 


0 -10 -20 -30 -40 -50 -60 -10 
Ig. DRAIN CURRENT (AMPERES) 


ROS(on). ORAIN TO SOURCE ON RESISTANCE (OHMS) 


Fig. 12 - Typical on-resistance vs. drain current. 


Py. POWER DISSIPATION (WATTS) 
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Tc. CASE TEMPERATURE (°C) 


Fig. 14 - Power vs. temperature derating curve. 
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92CS: 43280 


Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 15 - Unclamped inductive test circuit. 
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Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18 - Gate charge test circuit. 


it HARRIS IRFD9110 
IRFD9113 


Avalanche Energy Rated 
January 1994 P-Channel Power MOSFETs 


Features Package 
4-PIN DUAL-IN-LINE 
e -0.6A and -0.7A, -80V and -100V TOP VIEW 


* TDS(ON) = 1-2© and 1.62 
e Single Pulse Avalanche Energy Rated 
e SOA is Power-Dissipation Limited SOURCE 


e Nanosecond Switching Speeds 
— GATE 
e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRFD9110 and IRFD9113 are advanced power MOSFETs 

designed, tested, and guaranteed to withstand a specified level P-CHANNEL ENHANCEMENT MODE 
of energy in the breakdown avalanche mode of operation. 

These are p-channel enhancement-mode silicon-gate power D 

field-effect transistors designed for applications such as 

switching regulators, switching converters, motor drivers, relay 

drivers, and drivers for high-power bipolar switching 

transistors requiring high speed and low gate-drive power. 

These types can be operated directly from integrated circuits. 


Terminal Diagram 


The IRFD types are supplied in the 4-Pin dual-in-line plastic 
package. 
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Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
IRFD9110 IRFD9113 UNITS 


Drain-Source Voltage (1) -100 
Drain-Gate Voltage (RGs = 20k) (1) -100 
Continuous Drain Current 
To = 25°C -0.7 
Pulsed Drain Current -3.0 
Gate-Source Voltage +20 
Maximum Power Dissipation T& 
(See Figure 13) 
Linear Derating Factor 0.008 
(See Figure 13) 
Single Pulse Avalanche Energy Rating (3) 190 
Operating and Storage Junction -55 to +150 -55 to +150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 

1.T= 25°C to 150°C 3. Vop = 25V, Start Ty = +25°C, L = 582mh, Rg = 250, Peak | = 0.7A 
i 14 and 15 

2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% See Figures sii ) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications [RFD9110, IRFD9113 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Drain-Source Breakdown Voltage BVpss_ | VGs=OV, Ip =-250yA 
IRFD9110 


IRFD9113 


aS poe 20 [= a 
Ves =-20V [=| 800 [ na) 
ves =20V [800 [na 
Zero Gate Voltage Drain Current | = | -250 | 


On-State Drain Current (Note 2) 
IRFD9110 


IRFD9113 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFD9110 


IRFD9113 


Forward Transconductance (Note 2) 


Input Capacitance Ciss_ | Vas = OV, Vps = -25V, f = 1.0MHz | - {| 180 | - | pF | 
Output Capacitance Goss_| $e" Fiawes ee 
Reverse Transfer Capacitance Crss | - | 80 | - | pF 
Turn-On Delay Time Pton | VoD =05,1p =0.7A, Rg = 8.10 P= | | 30 | ns | 
Rise Time t See Figure 16. (MOSFET switching times 30 
Turn-Off Delay Time td(OFF)_| temperature.) | - {| 20 { 40 | »s | 
Fall Time ee ee ee 
Total Gate Charge Vas =-10V, Ip = -0.7A, Vps = 0.8 Max 11 15 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 
Gate-Source Charge (Gate charge is essentially independent of 57 nC 
|Gate-SourceCharge |g | erating temperature) ae ce eo ee 

Gate-Drain (‘Miller’) Charge | Qga ee ee 
Internal Drain Inductance Measured from the Modified MOSFET nH 

drain lead, 2.0mm symbol showing the 

(0.08”) from header | internal device 

to center of die inductances. 


Internal Source Inductance Measured from the ° 
source lead, 2.0mm 
(0.08”) from header 
to source bonding 
pad. S 


oS 
A 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


IS 

Pulse Source Current ISM 
(Body Diode) (Note 3) 
Diode Forward Voltage (Note 2) To = +259C, Ig = -0.7A, Veg = OV a ee ee 
Reverse Recovery Time Ty = +1509C, Ip =-0.7A,dif/dt=100A/us | - | 120 | - | ons | 
Reverse Recovered Charge | QrarR_ | Ty=+150°C, Ip =-0.7A,dip/dt=100A/us [| - | uC 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on fp 


speed is substantially controlled byLs +Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Vpop = 25V, Start Ty = +25°C, L = 582mH, Rg = 25, Peak || = 0.7A 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% (See Figures 14 and 15) 
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Sts, TRANSCONDUCTANCE (SIEMENS) 


Ip, DRAIN CURRENT (AMPERES) 


IRFD9110, IRFD9113 


80 ys PULSE TEST 
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Fig. 1 - Typical Output Characteristics 
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Fig. 3 - Typical Saturation Characteristics 


80 us PULSE TEST 
Vos > !p(on) * Ros(o 


Ip, DRAIN CURRENT (AMPERES) 
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Fig. 2 - Typical Transfer Characteristics 
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Fig. 4 - Maximum Safe Operating Area 
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Fig. 5 - Typical Transconductance Vs. Drain Current Fig. 6 - Typical Source-Drain Diode Forward Voltage 
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Ty, JUNCTION TEMPERATURE ( 
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Fig. 8 - Normalized On-Resistance Vs. Temperature 


Fig. 7 - Breakdown Voltage Vs. Temperature 
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Fig. 10 - Typical Gate Charge Vs. Gate-to-Source Voltage 


Fig. 9 - Typical Capacitance Vs. Drain-to-Source Voltage 


Rps(on); MEASURED WITH CURRENT PULSE OF 
2.0 uS DURATION. INITIAL Ty = 25 °C. (HEATING 
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Ta, AMBIENT TEMPERATURE (°C) 


Ip, DRAIN CURRENT (AMPERES) 
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Fig. 12 - Maximum Drain Current Vs. Case Temperature 


Fig. 11 - Typical On-Resistance Vs. Drain Current 
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IRFD9110, IRFD9113 
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Ta, AMBIENT TEMPERATURE (°C) 
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Fig. 13 - Power Vs. Temperature Derating Curve 
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Fig. 16 - Switching Time Test Circuit 
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Vos 


bow 


Vgs=—10V 
a; 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 
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Fig. 14- Unclamped Inductive Test Circuit 
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Fig. 15 - Unclamped Inductive Waveforms 
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CURRENT -Vos 
REGULATOR © ISOLATED 
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12V y | 0.2 pF 
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Ig => Ip 
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Fig. 17 - Gate Charge Test Circuit 


i HARRIS IRFD9120 
IRFD9123 


Avalanche Energy Rated | 
January 1994 P-Channel Power MOSFETs 


Features Package 
4-PIN DUAL-IN-LINE 
e -1.0A and -0.8A, -80V and -100V TOP VIEW 


* (DS(ON) = 9.62 and 0.80 
¢ Single Pulse Avalanche Energy Rated 


¢ SOA is Power-Dissipation Limited SOURCE 


7 DRAIN 
e Nanosecond Switching Speeds 


a GATE 
e Linear Transfer Characteristics 


e High Input Impedance 


Description 


The IRFD9120 and IRFD9123 are advanced power MOSFETs 

designed, tested, and guaranteed to withstand a specified level P-CHANNEL ENHANCEMENT MODE 
of energy in the breakdown avalanche mode of operation. 

These are p-channel enhancement-mode silicon-gate power D 

field-effect transistors designed for applications such as 

switching regulators, switching converters, motor drivers, relay 

drivers, and drivers for high-power bipolar switching 

transistors requiring high speed and low gate-drive power. G 

These types can be operated directly from integrated circuits. 


Terminal Diagram 


The IRFD types are supplied in the 4-Pin dual-in-line plastic 
package. Ss 


Absolute Maximum Ratings (TC = 25°C) Unless Otherwise Specified 
IRFD9120 IRFD9123 UNITS 


Drees VONEGG UT « cog cemeu-ne ied Whee beni en ReNGs ee KeWeunnenex cess Vps -100 -80 V 
Drain-Gate Voltage (ARGS = 20K) (1) occ ccccsscsecieacesavenestsascaseees VDGR -100 -80 V 
Continuous Drain Current 
Fe iw cnn te te cine ine teen adenine ancnadhedn kas cks een d Keenan BAW en N) ID -1.0 -0.8 A 
Pulsed Drain Current (9) o0 cscs cvccs cas cccssescss access cetsennescassens ars IDM -8.0 -6.4 A 
IGS“ DOUICE YOURS os ccenevacewkrs Hee snd so Re ed Ed er KeS MED Ke ene eRe Deons Ves +20 +20 V 
Maximum Power DISSIDGHON ...005 2000s cat eerce ne Ha R ERNE SORE OR NEES we Pp L060 1.0 W 
(See Figure 13) 
Linear DerGs FOCI. 6ck.a nants 6520-4046 BS Ob OdO86 £54 00500404 50E ORDER IES EOSS 0.008 0.008 W/9C 
(See Figure 13) 
Single Pulse Avalanche Energy Rating (4)............. ccc cece eee e eee enna Eas 370 370 mJ 
Operating and Starace JUnGion accu cnc cu vedusienddn en een cesass ce seas TJ, TSTG -55to+150 -55to+150 °C 
Temperature Range 
Maximum Lead Temperature for Soldering ........... 00. cece cece eee eee eeees TL 300 300 oC 
(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C 4. Vpp = 25V, Start Ty = +259C, L = 555mH, Rg = 252, Peak |, = 1.0A 
2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2% Eine anne CeReewe ee 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications [RFD9120, IRFD9123 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = -250uA 
IRFD9120 


Cwin[ TYP | MAX_|uNiTs 


po} - | - |v 
ee a 


p20 | - | -40 | Vv 


VGs = -10V, Ip =-0.8A 


Vps < SOV, Ip = -0.8A 
GS = OV, Vps = -25V, f = 1.0MHz 
ee Figure 9 


IRFD9123 
VpS = Ves, Ip = -250uA 
On-State Drain Current (Note 2) ID(ON) 
IRFD9120 
Static Drain-Source On-State 'DS(ON) 
Resistance (Note 2) 
IRFD9120 
IRFD9123 uel 
ats 
Turn-OnDelayTime _———_—~+|‘ta(ON) 
| tr 


Vpp =0.5, Ip = 1.0A, Rg = 9.12 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 

temperature.) 


VGs =-10V, Ip =-1.0A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Total Gate Charge 
(Gate-Source + Gate-Drain) 

Gate-Source Charge | Qgs | 
Gate-Drain (“Miller”) Charge | Qqa_ | 


Internal Drain Inductance Measured from the 
drain lead, 2.0mm 

(0.08”) from header 
to center of die 
Measured from the 
source lead, 2.0mm 
(0.08”) from header 
to source bonding 

pad. 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Internal Source Inductance 


To = +259C, Is = -1.0A, Vgg = OV 
Ty = +1509C, Ir =-4.0A, di¢/dt = 100A/us 
Ty = +1500C, IF =-4.0A, di¢/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°9C, L = 555mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 250, Peak IL = 1.0A (See Figures 14 
Duty Cycle < 2% Impedance Curve (Figure 5) and 15) 
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IRFD9120, IRFD9123 


. 00 uss PULSE TEST - 
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Fig. 1 - Typical output characteristics. 
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Vos, ORAIN-TO- SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. 


60 us PULSE TEST 
i} 
Vos > 'Dton) * Rosion) max. 


%,, TRANSCONDUCTANCE (SIEMENS) 


Ip, ORAIN CURRENT (AMPERES) 


Fig. 5 - Typical transconductance vs. drain current. 
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Ip, ORAIN CURRENT (AMPERES) 
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Fig. 2 - Typical transfer characteristics. 
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Fig. 4 - Maximum safe operating area. 
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NEGATIVE Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
92GS-44168 

Fig. 6 - Typical source-drain diode forward voltage. 


DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


BVoss 


C, CAPACITANCE (pF) 


IRFD9120, IRFD9123 


(NORMALIZED) 
3 
(NORMALIZED) 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE 


at ETT 
. SaSSRkR ERE 
J 
: 60 80 100 120 140 
~ JUNCTION TEMPERATURE (°C) Ty, oo mer (°C) 
Fig. 7 - Breakdown voltage vs. temperature. Fig. 8 - Normalized on-resistance vs. temperature. 


Ciss = Cy + Cyd, Cos SHORTED ‘ 
Criss = Cog 
Co C 
g “gd 

Coss = Cas * <a a a Ip = -4A 

=e FOR TEST CIRCUIT 
~ Cas * Cog . = SEE FIGURE 17 
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Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Fig. 9 - Typical capacitance vs. drain-to-source voltage. Fig. 10 - Typical gate charge vs. gate-to-source voltage. 


Ros(on) MEASURED WITH CURRENT PULSE OF 
20 us DURATION INITIAL Ty = 25°C. (HEATING 


Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


EFFECT OF 2.0 us PULSE IS MINIMAL ) 08 
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Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Fig. 11 - Typical on-resistance vs. drain current. Fig. 12 - Maximum drain current vs. case temperature. 
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IRFD9120, IRFD9123 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) 


Fig. 13 - Power vs. temperature derating curve. 
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Fig. 16 - Switching time test circuit. 
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Fig. 14 - Unclamped inductive test circuit. 
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Fig. 15 - Unclamped inductive waveforms. 
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Fig. 17 - Gate charge test circuit. 
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Features 

e -0.45A and -0.6A, -150V and -200V 
* (DS(ON) = 1-52 and 2.42 

© Single Pulse Avalanche Energy Rated 


e SOA is Power-Dissipation Limited 


IRFD9220 
IRFD9223 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


Package 


4-PIN DUAL-IN-LINE 
TOP VIEW 


SOURCE 


DRAIN 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


GATE 


Terminal Diagram 


The IRFD9220 and IRFD9223 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The IRFD types are supplied in the 4-Pin dual-in-line plastic 
package. 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


DEB OUCe WAGED kaceacweweneniencennnded Wanaekensndparanwsewese Vos 
Drain-Gate Voliage (RES = 20K02) (1) «sacks ccasesss sem esnes cenenwes crews VDGR 
Continuous Drain Current 
TP 2S7O, 0.05 cin ee nee deans ese ne nee vedussrehestes sweERKNNEeeaw ewes xe Ip 
Pulsed Oram Currents) s aiwe sce ceene s40nenes oe devaesa OHeseRerte Hes Reeee ee IDM 
Gate" SOUrGe VOUROS cece w lev nd Howse 64s de VRS ONE CCORdKeeKCaRweNENse NRE NES Ves 
hiornnt) (Owiar CD GGIOGLON 4 site wk eke keen rule pee eransperden eevee ere ween aad Pp 
(See Figure 13) 
Linear Detatings FRCIOl ... .kdcccctcnteec te eva oda she weeds eee T SE OHS CES ROD OK AOE OSs 
(See Figure 13) 
Single Pulse Avalanche Energy Rating (4).......... ccc cece cece cece ee eee eens Eas 
ONGrauid 2nd Stores JUNCION coos cae daradcneedaeeereesuverdeecacs TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for SOIC” vss cxacus ss caces ces ceweev es wee exer Th 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1994 
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IRFD9220 IRFD9223 UNITS 
-200 -150 V 
-200 -150 V 
-0.6 -0.45 A 
-4.8 -3.6 A 
+20 +20 V 

1.0 1.0 W 
0.008 0.008 W/°C 
290 290 mJ 
-55 to +150 -~55 to +150 oC 
300 300 °C 


4. Vpp = 25V, Start Ty = +25°C, L = 1210mH, Rg = 250, Peak |, = 0.6A 
(See Figures 14 and 15) 


2286.1 


File Number 


Specifications IRFD9220, IRFD9223 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss | VGs=OV, Ip = -250uA | an | we te | # | 
V 


IRFD9220 


IRFD9223 Le ae ee 
Gate Threshold Voltage Vash) | Vos =VGs, !p = -250uA jp -20 | - | -40 | Vv 
Gate-Source Leakage Forward lass |VGgs=-20V | - | =  { -500 { nA | 
Gate-Source Leakage Reverse less |VG@s=20V | = | - | 500 | nA | 
Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vgg = OV | - | - | -250 | pA | 

Vps = Max Rating x 0.8, Vgs = OV, -1000 pA 
To =+1259C 
On-State Drain Current (Note 2) ID(ON) | YDS > ID(ON) X DS(ON) Max, Vgsg =-10V 

IRFD9220 A 

IRFD9223 7045 | - | - | A 
Static Drain-Source On-State TDS(ON) | VGS =-10V, Ip = -0.3A 
Resistance (Note 2) 

IRFD9220 1.0 n 

IRFD9223 a 
Forward Transconductance (Note 2) Vps < 50V, Ip = -0.3A | o6 {| 10 | - | SB) 
Input Capacitance Ciss__| Vas = OV, Vps = -25V, f = 1.0MHz | - | 350 | - | pF | 
Output Capacitance Coss __| See Figure 9 | - | 100 | - | pF 
Reverse Transfer Capacitance Crss | - | 30 | - | pF 
Turn-On Delay Time [ta(On) _| VoD =05, 1p = 068A, Rg = 8.19 P= [1 | 4% | 1s_| 
Rise Time See Figure 16.(MOSFET switching times 
Turn-Off Delay Time td(OFF)_| temperature.) p= | 80 | 120 | ns 
Fall Time [=| 80] 75_ | ns 
Total Gate Charge VGs =-10V, Ip = -0.6A, Vps = 0.8 Max 16 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 10 nc 


Internal Drain Inductance Measured from the Modified MOSFET 
drain lead, 2.0mm symbol showing the 
(0.08”) from header internal device 
to center of die inductances. 


Measured from the 
source lead, 2.0mm 
(0.08”) from header 
to source bonding 

pad. 


Internal Source Inductance 


Junction-to-Ambient 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. G 
S 
V 


Ty = +15009C, IF = -0.6A, dif/dt = 100A/us 


Is 
ISM 
Diode Forward Voltage (Note 2) To = +259, Ig = -0.6A, Vgg = OV 
| QrR_ | Ty=+1509C, Ir =-0.6A, dif/dt = 100A/us 
ON 


Forward Turn-on Time t Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°C, L = 1210mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 25N, Peak I, = 0.6A (See Figures 14 
Duty Cycle < 2% Impedance Curve (Figure 5) and 15) 
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IRFD9220, IRFD9223 


80 us PULSE TEST 


Vos > 'D(on) * 
ROS(on) max. 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


0 -10 -20 -30 -40 -50 0 -10 
Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) les anieainee Pee gate 
Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 92GS-44203 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 


BOus PULSE TEST 
—Vos °!Dion) * ROS(on)max 


js. TRANSCONOUCTANCE (SIEMENS) 


NEGATIVE Ing, REVERSE DRAIN CURRENT 
(AMPERES) 


NEGATIVE Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
92GS-44169 
Fig. 5 - Typical transconductance vs. drain current. Fig. 6 - Typical source-drain diode forward voltage. 


Ip. ORAIN CURRENT (AMPERES) 
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IRFD9220, IRFD9223 
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Fig. 7 - Breakdown voltage vs. temperature. Fig. 8 - Normalized on-resistance vs. temperature. 


FOR TEST CIRCUIT 
SEE FIGURE 17 
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C, CAPACITANCE (pF) 
Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 -10 -20 -30 -40 -50 
Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 
Fig. 9 - Typical capacitance vs. drain-to-source voltage. Fig. 10 - Typical gate charge vs. gate-to-source voltage. 
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Fig. 11 - Typical on-resistance vs. drain current. Fig. 12 - Maximum drain current vs. case temperature. 
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IRFD9220, IRFD9223 
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Fig. 14 - Unclamped inductive test circuit. 
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Fig. 13 - Power vs. temperature derating curve. 
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Fig. 15 - Unclamped inductive waveforms. 
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Fig. 16 - Switching time test circuit. Fig. 17 - Gate charge test circuit. 
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“HARRIS IRFF9120, IRFF9121 


IRFF9122, IRFF9123 


Avalanche Energy Rated 
January 1994 P-Channel Power MOSFETs 


Features Package 
e -3.5A and -4A, -80V and -100V 
* (DS(ON) = 9.602 and 0.802 


TO-205AF 
BOTTOM VIEW 


GATE 
¢ Single Pulse Avalanche Energy Rated SOURCE 


¢ SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRFF9120, IRFF9121, IRFF9122 and IRFF9123 are 

advanced power MOSFETs designed, tested, and guaranteed P-CHANNEL ENHANCEMENT MODE 
to withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 
enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


Terminal Diagram 


The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
IRFF9120 IRFF9121 IRFF9122 IRFF9123 


Drain-Source Voltage (1) -100 -80 -100 -80 
Drain-Gate Voltage (RGs = 20kN) (1) -100 -80 -100 -80 
Continuous Drain Current 
-4 -4 -3.5 -3.5 
Pulsed Drain Current (3) -16 -16 -14 -14 
Gate-Source Voltage +20 +20 +20 +20 
Maximum Power Dissipation 20 20 20 20 
(See Figure 14) 
Linear Derating Factor 0.16 0.16 0.16 0.16 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) 370 370 370 370 
Operating and Storage Junction -55to+150 -55to+150 -55to+150 -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Ty = +25°C to +150°C 4. Vop = 25V, Start Ty = +25°C, L = 34.7mH, Rg = 252, Peak | = 4.0A 


2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% (eee Figures 15.and 16} 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRFF9120, IRFF9121, IRFF9122, IRFF9123 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


CHARACTERISTIC SYMBOL TEST CONDITIONS a UNITS 
Drain-Source Breakdown Voltage BVpss_ | Vas=OV, Ip = -250yuA 
IRFF91 20, IRFF9122 -100 Vv 
Le] = | = 


IRFF9121, IRFF9123 
Gate Threshold Voltage Vas(TH) | VDS=VGs; Ip =-250uA | -20 | - | -40 | vl 
Gate-Source Leakage Forward less |Vqasg=-20V nA 
Gate-Source Leakage Reverse lass VGs = 20V n 


Zero Gate Voltage Drain Current IpDss Vps = Max Rating, Vgs = OV uA 


Vps = Max Rating x 0.8, Vgs = OV, uA 
To =+125°9C 


ID(ON) | YDS > !ID(ON) X DS(ON) Max, Ves = -10V 


KA 
° 
ro) 


> 


-1000 


On-State Drain Current (Note 2) 
IRFF9120, IRFF9121 
IRFF91 22, IRFF9123 


a ee 
od es 
ARS) 


sail \ 
Ne) oo) 
wn 

(oe) 


Static Drain-Source On-State 'DS(ON) | VGS =-10V, Ip =-2A 
Resistance (Note 2) 
IRFF9120, IRFF9121 
IRFF9122, IRFF9123 | of | 2 
Forward Transconductance (Note 2) Vps > ID(ON) X DS(ON) Max: |p = -2A 25 2 | = | SD) 
Input Capacitance Ciss Vas = OV, Vps = -25V, f = 1.0MHz 300 pF 
S= S 
Output Capacitance Coss _ | See Figure 10 2 | = | pF | 
Reverse Transfer Capacitance Crss | = | 50 | = | pF | 
Turn-On Delay Time ton) [Von =05BVpss,p=-4ARG=o1m | - | 25 | 50 | ns__ 
Rise Time t See Figure 17.(MOSFET switching times 50 100 
So gzerilvidccanatdaesety bene tote 
Turn-Off Delay Time 'd(OFF)_| temperature.) | - {| 50 | 100 | ns | 
Fall Time a 
Total Gate Charge Vas =-10V, Ip =-4A, Vps = 0.8 Max 16 22 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 
Gate-Source Charge (Gate charge is essentially independent of nc 
He a (0 pene ir ae ee ee 
Gate-Drain (‘Miller’) Charge | _Qga _| ee a 
Internal Drain Inductance Lp Measured from the Modified MOSFET 5.0 nH 
drain lead, 5mm symbol showing the 
(0.2”’) from header internal device 
to center of die. inductances. 
Internal Source Inductance Ls Measured from the 15 nH 
source lead, 5mm 
(0.2”) from header to 
source bonding pad. 
Junction-to-Case | Roo p= | = | 6.25 | ecw | 
Junction-to-Ambient RgJA Typical socket mount = ” 175 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET D 
(Body Diode) symbol showing the 
Pulse Source Current agli eae és 
(Body Diode) (Note 3) -N junc. rectifier. 
Ss 


Vsp To = +259, Is = -4A, Vgs = OV 
trr | Ty =+150°C, IF = 4A, dig/dt = 100A/us 
Ty = +1500C, Ip =-4A, di¢/dt = 100A/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


E 


Forward Turn-on Time 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = 25V, Start Ty = +25°9C, L = 34.7mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 25, Peak I, = 4A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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P-CHANNEL 
POWER MOSFETs 


Ip, DRAIN CURRENT (AMPERES) 


Ip. DRAIN CURRENT (AMPERES) 


Zehsc(t/ Range. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


IRFF9120, IRFF9121, IRFF9122, IRFF9123 


0 -10 -20 -30 -40 -50 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. 


Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. 


80 us PULSE TEST 
' i] 


Vos > !p(on) * 
ROS(on) max. 


Ip, DRAIN CURRENT (AMPERES) 


Ves. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 - Typical transfer characteristics. 


id Orein Current (A) 


AFFO12) 
IRFF9123 


Vds Drain Voltage (V) 


Fig. 4 - Maximum safe operating area. 
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1, DUTY FACTOR, D = a 


INGLE FULSE {TRANSIENT Smaniiinmanceiiiien 2. PER UNIT BASE = Rinjc = 6.25 DEG. CW. 
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rr a 
“<a es 
THERMAL IMPEDANCE) 


"49-5 = 5 gs 5 1973 


Gs Tam 7 Tc = Pom Zthucit) 
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ty, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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IRFF9120, IRFF9121, IRFF9122, IRFF9123 


Os, TRANSCONDUCTANCE (SIEMENS) 


Ip. DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 


1.25 


BV oss, ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0 0 40 80 


Ty, JUNCTION TEMPERATURE (°C) 
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Fig. 8 - Breakdown voltage vs. temperature. 


Cigs = Cys + Cag, Cys SHORTED 
_Vgs=0 
Cog Coq {= 1 MHz 
= | 
Coss = Cas + Cos + Coq 
=Cgs + Cog 


~ 


les 


C, CAPACITANCE (pF) 


Vps, DRAIN. TO SOURCE VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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NEGATIVE Ipg, REVERSE DRAIN CURRENT 
(AMPERES) 


‘0.4 -06 -0.8 -1.0 -12 -14 -16 -18 
NEGATIVE Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


92GS-44168 
Fig. 7 - Typical source-drain diode forward voltage. 


(NORMALIZED) 


rt | | | 


-40 0 40 80 


120 160 


RoS(on). ORAIN-TO-SOURCE ON RESISTANCE 


0.2 
Ty, JUNCTION TEMPERATURE (°C) 


Fig. 9 - Normalized on-resistance vs. temperature. 


Ip = -BA 
FOR TEST CIRCUIT 
SEE FIGURE 18 


Vos. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Qy, TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF9120, IRFF9121, IRFF9122, IRFF9123 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Sane 
pt} te tg tty 


ptt yA 
|| |e zee 


Ros(on) ORAIN TO-SOURCE ON RESISTANCE (OHMS) 
Ip. DRAIN CURRENT (AMPERES) 


ae 
HEE 
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Ip. ORAIN CURRENT (AMPERES) Tc, case TEMPERATURE (°C) 
Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 15 - Unclamped inductive test circuit. 
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Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power vs. temperature derating curve. 
BYpss 
92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 


CURRENT -Vos 
REGULATOR O (ISOLATED 
SUPPLY) 
Ro SAME TYPE 
12V 
BATTERY 
DUT As Ps 
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{or 
Ves = -10 Vv fe] 
|_| ia O+Vps 
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VARY tp TO OBTAIN SAMPLING SAMPLING 
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Fig. 17 - Switching time test circuit. Fig. 18 - Gate charge test circuit. 
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Gg HARRIS IRFF9130, IRFF9131 
IRFF9132, IRFF9133 


Avalanche Energy Rated 
January 1994 P-Channel Power MOSFETs 


Features Package 
e -5.5A and -6.5A, -80V and -100V 

* TDS(ON) = 9.302 and 0.402 

e Single Pulse Avalanche Energy Rated SOURCE 


TO-205AF 
BOTTOM VIEW 


GATE 


e SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds DRAIN 
e Linear Transfer Characteristics 


® High Input Impedance 


Description 


The IRFF9130, IRFF9131, IRFF9132 and IRFF9133 are 

advanced power MOSFETs designed, tested, and guaranteed P-CHANNEL ENHANCEMENT MODE 
to withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel B 
enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low Ss 
Profile TO-39) metal package. 


Terminal Diagram 


o 
th 
Ty Ue 
aL) 
=O 
¢= 
a 

6 
o. 

re) 
a. 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
IRFF9130 IRFF9131 IRFF9132 IRFF9133 UNITS 


Drain=Saures Voltage tt) snc cc casnsnnsvacesansaon ne Vps -100 -80 -100 -80 V 
Drain-Gate Voltage (RGS = 20KQ)(1)......... eee VDGR -100 -80 -100 -80 V 
Continuous Drain Current 
TGS 2 as vx8 ea nnetadewneneceeceusseaisien desea nes ID -6.5 -6.5 -5.5 -5.5 A 
Pulsed Brain Garent()) sxccoceccaccuaweastanen ona sens IDM -26 -26 -22 -22 A 
Gale=Source VONAGE «one esa en tes he Weaw eons Ged annus Ves +20 +20 +20 +20 V 
Maximum Power Dissipation .......cceseesescnnasencune Pp 25 25 25 25 W 
(See Figure 14) 
Linger Deralig FaCtOhi<ic cca vcccscecsnessewcansinoesenn we 0.2 0.2 0.2 0.2 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............68: Eas 500 500 500 500 mJ 
Operating and Storage Junction ............0e0eee Ty, TSTG -55to+150 -55to+150 -55to+150 -55to+150 °C 
Temperature Range 
Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vop = 25V, Start Ty = +25°C, L = 17.75mH, Rg = 25N, Peak || = 6.5A 


2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2% (See Figures 15 and 16) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


! File Number 2216.1 
Copyright © Harris Corporation 1994 
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Specifications IRFF9130, IRFF9131, IRFF9132, IRFF9133 


Electrical Characteristics Tc = +25°9C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_ | Vas=OV, Ip =-250ynA 


| MIN | TYP | MAX | UNITS 
niente fm | 2 |= tw | 
IRFFO131, IRFF9133 | eo | - | = | ¥ | 


vps= Ves. 1p = -2EOUA ae a 
ES a a aC A SA 
[Gate-Source Leakage Reverse | lass [Vag=207 100 
Zero Gate Voltage Drain Current Vps = Max Rating, Vgs = OV | - | - | -250 [ pA | 


Vps = Max Rating x 0.8, Vgs = OV, -1000 yA 
To = +125°9C 
Loe = to} | 


LIMITS 


On-State Drain Current (Note 2) 
IRFF9130, IRFF9131 
IRFF9132, IRFF9133 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF9130, IRFF9131 


IRFF9132, IRFF9133 


an 
on 
E 


Forward Transconductance (Note 2) 25 | 35 | - | Sw) 

Input Capacitance iss | Vas = OV, Vps = -25V, f = 1.0MHz | 500 | - | pF | 

Output Capacitance oss _| See Figure 10 [300 |= [Fr 

Reverse Transfer Capacitance 100 | - | pF | 

Turn-On Delay Time Vpp =0.5 BVps¢, Ip = -6.5A, Rg = 9.19 | 6O | 
TRiseTime __—=—~=SCS~S~S~d Cite —_| 80 Fgura 17 (MOSFET ewitching times 

- are essentially independent of operating 

Turn-Off Delay Time td(OFF temperature.) 

Fall Time 

Total Gate Charge VGs =-10V, Ip = -6.5A, Vps = 0.8 Max 

(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 


(Gate charge is essentially independent of 
operating temperature.) 


Gate-Source Charge | Qgs | 
Gate-Drain (‘Miller’) Charge | Qga | 


Internal Drain Inductance 


Modified MOSFET 
symbol showing the 
internal device 

inductances. 


Measured from the 
drain lead, 5mm 
(0.2”) from header 
to center of die. 
Measured from the 
source lead, 5mm 
(0.2”) from header to 
source bonding pad. 


Internal Source Inductance 


Junction-to- Case Oe 
Junction-to-Ambient Raja | Typical socket mount 


Source Drain Diode Ratings and Characteristics 


oS 


Modified MOSFET 
symbol showing the 


oe 
Pulse Source Current integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


To = +259C, Is = -6.5A, Ves = OV 
Ty = +1509C, Ip =-6.5A, dif/dt = 100A/us 
Ty = +15009C, Ip = -6.5A, dif/dt = 100A/us 


=k 
10) 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpop = 25V, Start Ty = +259C, L = 17.75mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 250, Peak IL = 6.5A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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Ip, ORAIN CURRENT (AMPERES) 


IRFF9130, IRFF9131, IRFF9132, IRFF9133 
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Fig. 1 - Typical Output Characteristics 
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Fig. 3 - Typical Saturation Characteristics 
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Fig. 2 - Typical Transfer Characteristics 


16 180°C mes. 
R= 8.0°C/W 
SINGLE PULSE 


Vde Drain Voltege (V) 


Fig. 4 - Maximum Safe Operating Area 


. DUTY FACTOR. D = ty/ta 
4 2. PER UNIT BASE = R@yjc 
T i = 5.0 DEG. C/w. 
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Fig. 5 - Maximum Effective Transient Thermal Impedance, 
Junction-to-Case Vs. Pulse Duration 
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92CS-43298 
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IRFF9130, IRFF9131, IRFF9132, IRFF9133 
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Fig. 7 - Typical Source-Drain Diode Forward Voltage 


Typical Transconductance Vs. Drain Current 


Fig. 6 
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Fig. 9 - Normalized On-Resistance Vs. Temperature 


Fig. 8 - Breakdown Voltage Vs. Temperature 
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FOR TEST CIRCUIT 
SEE FIGURE 18 
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Qg, TOTAL GATE CHARGE (nC) 
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Fig. 11 - Typical Gate Charge Vs. Gate 


Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage 
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IRFF9130, IRFF9131, IRFF9132, IRFF9133 
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Rps(on) MEASURED WITH CURRENT PULSE OF 2.0 pS 
DURATION. INITIAL Ty = 25 °C (HEATING 
EFFECT OF 2.0 uS PULSE IS MINIMAL) 


5 =F =T =a rT =<. 25 50 75 100 125 150 
Tc. CASE TEMPERATURE ( C) 
Ip, DRAIN CURRENT (AMPERES) 
92CS-43309 92CS-43299 
Fig. 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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Pp, POWER DISSIPATION (WATTS) 
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Fig. 14 - Power Vs. Temperature Derating Curve 92CS-43312 


Fig. 16 - Unclamped Inductive Waveforms 
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Fig. 17 - Switching Time Test Circuit Fig. 18 - Gate Charge Test Circuit 
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August 1991 


HARRIS IRFF9220, IRFF9221 
IRFF9222, IRFF9223 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features Package 
TO-205AF 
e -2A and -2.5A, -150V and -200V BOTTOM VIEW 
* TDS(ON) = 1-502 and 2.400 
GATE 

e Single Pulse Avalanche Energy Rated SOURCE 
e SOA is Power-Dissipation Limited v 
¢ Nanosecond Switching Speeds - ” DRAIN 

(CASE) 


e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRFF9220, IRFF9221, IRFF9222 and IRFF9223 are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 9 
enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low Ss 
Profile TO-39) metal package. 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


IRFF9220 IRFF9221 IRFF9222 IRFF9223 

Drain-Source Voltage (1) ov vxcscccceensecusenencunaen Vos -200 -150 -200 -150 
Drain-Gate Voltage (RGs = 20kKN)(1)............ eee. VDGR -200 -150 -200 -150 
Continuous Drain Current 

Tee 25°C. ccaksnwen ee cde sceeteneonn es absarenw ane ex Ip -2.5 -2.5 -2.0 -2.0 
Pulsed Drain Current(S) cc sc csccsccncsacecssvnncenun® IDM -10 -10 -8 -8 
GRIE-SOuree VONRGS xc cxacs cndanccdnss ewieeeeene eed Vas +20 +20 +20 +20 
Maximum Power Dissipation ........0ccesssecescccssecs Pp 20 20 20 20 

(See Figure 14) 
LINOe? DOPatNG PANO coc ccck acer dees cadcdusceeeeesaseows 0.16 0.16 0.16 0.16 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............... Ess 290 290 290 290 
Operating and Storage Junction ..............506. Ty, TSTG  -55to+150 -55to+150 -55to+150 -55to +150 

Temperature Range 

Maximum Lead Temperature for Soldering .............4. TL 300 300 300 300 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +259C to +150°C 
2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2% aS GANGS 1 ONE FE 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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File Number 


4. Vop = 5OV, Start Ty = +25°C, L = 69.6mH, Rg = 252, Peak |, = 2.5A 


2288 


Specifications IRFF9220, IRFF9221, IRFF9222, IRFF9223 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| Vas= OV, Ip = -250yuA 
IRFF9220, IRFF9222 


IRFF9221, IRFF9223 | -150 | - | - | 
Vp = Vas, Ip = -250HA [=20 [= [40 


Gate-Source Leakage Forward loss |Vas=-20V 
Gate-Source Leakage Reverse less |Vasg=20V a 


Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vgs = OV | = | 
Vps = Max Rating x 0.8, Vgs = OV, 
To =+1259C 
ID(ON) | YDS > ID(ON) X DS(ON) Max, Vgg = -10V 


a 
cP 15 
a 
7] 
<a 
CS 


E 
oO 
Oo 
=) 
> 


2) 


P-CHANNEL 
POWER MOSFETs 


rc 
> 


On-State Drain Current (Note 2) 
IRFF9220, IRFF9221 
IRFF9222, IRFF9223 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF9220, IRFF9221 


IRFF9222, IRFF9223 | 2a | 
Forward Transconductance (Note 2) Vps > ID(ON) X DS(ON) Max: !p = 1.5A 1 fo = | 
Input Capacitance Ciss_ | Vas = OV, Vps = -25V, f = 1.0MHz a 
Output Capacitance Coss __| See Figure 10 100 | - | 
Reverse Transfer Capacitance Crss | 30 | - | p 
Turn-On Delay Time | ta(ON) | Vpp =0.5BVpss, Ip =-2.5A,RG=9.12 | - | 15 | 40 | 
Rise Time t See Figure 17.(MOSFET switching times 
ce eeeaniiivindecestentetopering et — |__| 
Turn-Off Delay Time td(OFF) _| temperature.) | > | 80 | 120 | 
Fall Time | - | 50 | 75 | 
Total Gate Charge VGs =-10V, Ip = -2.5Vps = 0.8 Max 16 C 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 
Gate-Source Charae ; (Gate charge is essentially independent of C 
[Gate-Source Charge =| Oye _| (Gate charges essenti c= fs | -_| 
Gate-Drain (‘Miller’) Charge____| Qua _ P= [7 | - [rc 
Internal Drain Inductance Lp Measured from the Modified MOSFET nH 
drain lead, 5mm symbol showing the 
(0.2”) from header internal device 
to center of die. inductances. 
Internal Source Inductance S Measured from the 


source lead, 5mm 
(0.2”) from header to 
source bonding pad. 


RgJA Typical socket mount 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Is Modified MOSFET e 
(Body Diode) symbol showing the 
ISM integral reverse 
P-N junc. rectifier. G 
S 


L 
: 


Junction-to-Case 


Pulse Source Current 

(Body Diode) (Note 3) 

Diode Forward Voltage (Note 2) To = +259C, Ig = -2.5A, Vas = OV 

Reverse Recovery Time fie Ty =+1509C, Ip = -2.5A, di¢/dt = 100A/us | 300 | - | 

Ty = +1500, Ip =-2.5A, die/dt = 100A/us fF 19 { - | uc | 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 50V, Start Ty = +25°C, L = 69.6mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 250, Peak |, = 2.5A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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Ip. DRAIN CURRENT (AMPERES) 


ip. DRAIN CURRENT (AMPERES) 


Zinsc(t)/ Rung. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


IRFF9220, IRFF9221, IRFF9222, IRFF9223 


iacnnne 


0 -10 -20 —— -40 


Vos. ORAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. 


80 us PULSE TEST -—- 


Vps. DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. 


<> er 


Ip DRAIN CURRENT (AMPERES) 


a= SS Sass ae = ee Sei ae oe 


YP ye = a aa a a 
Soa eee 


et 


ms SINGLE PULSE (TRANS! 
peas THERMAL IMPEDANCE) 


10-5 7 5 p42 5 


10-3 


ent 


2 5 10-2 


2 


80 us PULSE TEST 
Vos > !Dion) * 


ROS(on) max 


Ip. DRAIN CURRENT (AMPERES) 


Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 2 - Typical transfer characteristics. 


OPERATION IN THIS 
reo eZ AREA IS LIMITED BY Rosvon) 


nreooao. 0% | p 
Ssccia 5 eee 


IRFF9222, 9223 8 a = a See 
Hos cc 2 


“9 tt ato 
Pw I NTT 


1-4 
+ IRFF9220, 9221444 
IRFF9220, 9221 
pee ea SAIN CT 


IRFF9222, 9223. 21IN] | SI | 


Eieserevet 


"@ees. = 


-2 


IRFF9221, 9223- = 


-0.02 Eis pet a Seana 
-10 -2 -5 -10 -20 -50 -100-200 -500 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92GS-44207 


Fig. 4 - Maximum safe operating area. 


1 DUTY FACTOR O= s 


3 Tym - Tc = Pom Zinc!) 
5 10°! 2 5 1.0 2 5 


ty. SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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2. PER UNIT BASE = Rinjce = 6 25 0EG CW 


IRFF9220, IRFF9221, IRFF9222, IRFF9223 


9fs- TRANSCONDUCTANCE (SIEMENS) 


NEGATIVE Ipg, REVERSE DRAIN CURRENT 
(AMPERES) 


"-0.4 -06 -08 -10 -1.2 -14 -16 -1.8 
NEGATIVE Vcop, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92GS-44169 
Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


ip DRAIN CURRENT (AMPERES) 


(NORMALIZED) 


" 
a Ue 
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ou 
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BV pss. DRAIN TO SOURCE BREAKDOWN VOLTAGE 
RpS(on). DRAIN TO SOURCE ON RESISTANCE 
(NORMALIZED) 


0 
120 160 -4 
Ty. JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


120 160 


Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


500 


ROLLE 

ICCC 

SSC 
\ann 


FOR TEST CIRCUIT | 
SEE FIGURE 18 


C. CAPACITANCE ‘pF) 


Vgs. GATE TO SOURCE VOLTAGE (VOLTS) 
S 


0 4 a 12 16 


0 -10 -20 -30 -40 -50 20 
Vos. ORAIN TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF9220, IRFF9221, IRFF9222, IRFF9223 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Ty = 25°C. (HEATING 
EFFECT OF 2.0 us PULSE IS MINIMAL.) 


Rosion) DRAIN TO SOURCE ON RESISTANCE (OHMS) 


Ip. ORAIN CURRENT (AMPERES) 


Fig. 12 - Typical on-resistance vs. drain current. 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 
Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power vs. temperature derating curve. 


Rp 


a Ps 
R 
7 tp G + 
Ves =-10V 
VARY tp TO OBTAIN 
REQUIRED PEAK I, 
92CS-43280 


Fig. 17 - Switching time test circuit. 
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Ip, ORAIN CURRENT (AMPERES) 


Tc. CASE TEMPERATURE (°C) 


Fig. 13 - Maximum drain current vs. case temperature. 


tp 
{ ov | 
Ves =-10V 


— 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 


92CS-43278 


Fig. 15 - Unclamped inductive test circuit. 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 


CURRENT -Vos 
REGULATOR O (ISOLATED 
SUPPLY) 
SAME TYPE 


CURRENT CURRENT 
SAMPLING SAMPLING 
RESISTOR RESISTOR 


92CS-43281 


Fig. 18 - Gate charge test circuit. 


“a HARRIS IRFF9230, IRFF9231 
IRFF9232, IRFF9233 


August 1991 


Features 

e -3.5A and -4.0A, -150V and -200V 

* TDS(ON) = 0.82 and 1.202 

e Single Pulse Avalanche Energy Rated 
¢ SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


© High Input Impedance 


Description 


The IRFF9230, IRFF9231, IRFF9232 and IRFF9233 are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


Package 
TO-205AF 
BOTTOM VIEW 
SOURCE GATE 
(0) 
(0) (2) 
DRAIN 
(CASE) 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 


avalanche mode of operation. These are p-channel D 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 
The IRFF types are supplied in the JEDEC TO-205AF (Low Ss 
Profile TO-39) metal package. 
Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
IRFF9230 IRFF9231 IRFF9232 IRFF9233 UNITS 
Draine-aeiee VON TH) 6 cisesckavanvavecaw veces vans Vos -200 -150 -200 -150 V 
Drain-Gate Voltage (RGS = 20kK{) (1)... .... cece ee eee VDGR -200 -150 -200 -150 V 
Continuous Drain Current 
VO BSG ca ctv dessctnessacenses vvsescae sew rseranee Ip -4.0 -4.0 -3.5 “3.5 A 
Pulsed Drain Current (3) .....20csccccecnsccccsscaseecs IDM -16 =16 -14 -14 A 
Gate-Source VONAGE oossacccsssavs wes nesdaewawen nee Ves +20 +20 +20 +20 V 
Maximum Power Dissipation .......cccccscevcccusencoes Pp 25 25 25 25 W 
(See Figure 14) 
Linear Dealing FAC 0s. cccdececasvesnescaves cases anens 0.2 0.2 0.2 0.2 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............085 Ess 500 500 500 500 mJ 
Operating and Storage Junction ......... 6. eee eee Ty, TsTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering .............5. TL 300 300 300 300 oC 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +259C to +150°C 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 
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(See Figures 15 and 16) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 


4. Vpp = SOV, Start Ty = +25°C, L = 46.9mH, Rg = 252, Peak lL = 4.0A 
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Specifications IRFF9230, IRFF9231, IRFF9232, IRFF9233 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss | VGs=OV, Ip =-250pA Pe wr 
V 


IRFF9230, IRFF9232 
p-150 {| - | - | Vv | 


IRFF9231, IRFF9233 V 
V 


Gate Threshold Voltage Vest) | Vos = Vas; Ip =-250uA | -2.0 | 
Gate-Source Leakage Forward lass |Vas=-20V 
Gate-Source Leakage Reverse lass Vas = 20V 


Zero Gate Voltage Drain Current IpDss Vps = Max Rating, Vgsg = OV 
Vps = Max Rating x 0.8, Vgsg = OV, 
To =+1259C 
ID(ON) | YDS > !D(ON) X (DS(ON) Max, Vgg = -10V 
TDS(ON) | VGS = -10V, Ip = -2.0A 


On-State Drain Current (Note 2) 
IRFF9230, IRFF9231 
IRFF9232, IRFF9233 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF9230, IRFF9231 


IRFF9232, IRFF9233 


Forward Transconductance (Note 2) | gts | Vos > ID(ON) X DS(ON) Max: Ip =-2.0A | ee ES 
Ves= OV, Vpg=-25V,1= 1 OM Ts80 [=F 
See Figure 10 Ti70[ = oF 
Te —[ = oF 


! 
oy) 
16) 


Turn-On Delay Time Vpp =0.5 BVpss; Ip = -4.0A, Rg = 9.10 
Rise Time See Figure 17. (MOSFET switching times 100 
Pc tl we emeaniidenencasaioneting [eee 
Turn-Off Delay Time td(OFF)_| temperature.) 
Fall Time 
Total Gate Charge VGs = -10V, Ip = -4.0Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 


Gate-Source Charge | Qgs__| (Gate charge is essentially independent of 


operating temperature. 
Gate-Drain (“Miller”) Charge | Qga | ‘ iid ) 
oS 


E 
Oo 
on 
E 


nc 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 


Measured from the 
drain lead, 5mm 

(0.2”’) from header 
to center of die. 


Measured from the 
source lead, 5mm 

(0.2”’) from header to 
source bonding pad. 


= 
= 5 


C) 
C) 
Internal Drain Inductance Lp 
Internal Source Inductance 
FRc fo ————essss 


RgJaA | Typical socket mount 


Source Drain Diode Ratings and Characteristics 


8 
(o>) 
{e) 
2) 
2 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


To = +259C, Is = -4.0A, Vas = OV 
Ty = +150°C, IF = -4.0A, dif/dt = 100A/us 
Ty = +1509C, Ip = -4.0A, dlf/dt = 100A/us 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Lp. 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°9C, L = 46.9mH, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 250, Peak IL = 4.0A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRFF9230, IRFF9231, IRFF9232, IRFF9233 


80 us PULSE TEST 
Vos > !pion) * RpS(on)MAX. 
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Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves; GATE-TO-SOURCE VOLTAGE (VOLTS) 


92CS-43308 92CS-43309 


Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 


OPERATION IN THIS = 
~ an AREA IS LIMITED 
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Wi a > ep) 
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3 . “Ty = 150 °C MAX. 
é 2 4F— Rgjc = 5.0 K/W 


SINGLE PULSE 


T | TTT] irtr9231, 9233 
| {|| IRFF9230, 9232 


2 4 6 8 2 


—1..0 -10 -—100 
Vos: DRAIN TO SOURCE VOLTAGE (VOLTS) Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
92CS-43310 92GS-a4114 
Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum Safe operating area. 
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. DUTY FACTOR, D = ty/tg 


ZQucit). NORMALIZED 
EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


. PER UNIT BASE = Rgyc 
= 5.0 DEG. C/W. 


: TJM ~ Tc 


t;, SQUARE WAVE PULSE DURATION (SECONDS) 


92CM- 43292 


Fig. 5 - Maximum effective transient thermal impedance, junction- 
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IRFF9230, IRFF9231, IRFF9232, IRFF9233 


80 wS PULSE TEST 
Vos > '!pion) * Rps(on) max. 
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Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


92CS-43270 


Ip, DRAIN CURRENT (AMPERES) 


92CS-43312 


Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 


(NORMALIZED) 
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BVpss; DRAIN-TO-SOURCE BREAKDOWN 
VOLTAGE (NORMALIZED) 


RpS(on): 


—-40 Oo 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
92CS-43294 92CS-43313 
Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


Ip =—-8A 
FOR TEST CIRCUIT 
SEE FIGURE 18 


Crss = Cgq 
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nN 


Coss = Cds + 


Vps = —160 V, IRFF9230,9232 
Vps = -100 v7.2 


C, CAPACITANCE (pF) 
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Oo =10 -20 -30 -40 -50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
92CS-43314 92CS-43315 
Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF9230, IRFF9231, IRFF9232, IRFF9233 


Rps(on) MEASURED WITH CURRENT PULSE OF 2.0uS 
DURATION. INITIAL Ty = 25 °C. (HEATING 
EFFECT OF 2.0 wS PULSE IS MINIMAL) 


a 
ra 
3) wi 
«x a 
> = 
° < 
7) 
: b 
° z 
e Ww 
c 
z S 
x Oo 
: z 
= < 
2 x 
A = 
e i 


ON RESISTANCE (OHMS) 


Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (C) 


92CS-43316 92G8-44°"4 


Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
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92CS-43300 


Fig. 14 - Power vs. temperature derating curve. 


BVpss 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 
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CURRENT CURRENT 
SAMPLING SAMPLING 
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Rp 
DUT. 
VARY t, TO OBTAIN Rg = Ps 
REQUIRED PEAK I, + ‘eu 
BATTERY 
t ae 
© (ISOLATED 
Vesg= -10v [~ P= SUPPLY) 
92CS-43323 
Fig. 17 - Switching time test circuit. Fig. 18 - Gate charge test circuit. 
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CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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HARRIS IRFP9140/P9141 
IRFP9142/P9143 


Avalanche Energy Rated 


January 1994 P-Channel Power MOSFETs 
Features Package 
TO-247 
e -19A and -16A, -80V and -100V TOP VIEW 
* YDS(ON) = 9.202 and 0.302 
e Single Pulse Avalanche Energy Rated DRAIN ee 
; - Wieetnatt a TAB) eee 

¢ SOA is Power-Dissipation Limited ( 

p . | eet” EPPS 
e Nanosecond Switching Speeds 
e Linear Transfer Characteristics ae, GATE 


e High Input Impedance 


MESEHPHOR Terminal Diagram 

The IRFP9140, IRFP9141, IRFP9142 and IRFP9143 are ad- 

vanced power MOSFETs designed, tested, and guaranteed to P-CHANNEL ENHANCEMENT MODE 
withstand a specified level of energy in the breakdown 

avalanche mode of operation. These are p-channel D 


enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as _ switching regulators, 

switching converters, motor drivers, relay drivers, and drivers 

for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic Ss 
package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFP9140 IRFP9141 IRFP9142 IRFP9143 UNITS 


DARIN“ SOurGe VONAGE (1) a ccs ccs us ecenserneneensnenen Vos -100 -80 -100 -80 V 
Drain-Gate Voltage (RGS = 20K) (1).......... eee eee VDGR -100 -80 -100 -80 V 
Continuous Drain Current 
bet i,! ET eT ERT EEE ETE CRC ET CELE Tere ID -19 -19 -16 -16 A 
Te 100 sav tenkicscns ive ndeseneene vad ote sansa Ip -12 -12 -10 -10 A 
Puised Drei CUMGHhtS) candace encnskedne nesden wanes IDM ~76 -76 -64 -64 A 
Gate-Source VOHage 2s is cns ces senceceews nas exe eenes Ves 20 +20 +20 £20 V 
Maximum Power DISSIDBUON 5 cas acevcccese sas cannes oan Pp 150 150 150 150 W 
(See Figure 14) 
Linear Deratifid FactOr...cccisvecsens vaaee css ccaasnawenee 1.2 1.2 1.2 1.2 W/°C 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............... Eas 960 960 960 960 mJ 
Operating and Storage Junction ................4. TJ, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
Maximum Lead Temperature for Soldering............... ia 300 300 300 300 oC 
(0.063” (1.6mm) from case for 10s) 
NOTES: 
1. Ty = +25°C to +150°C 4. Vpp = SOV, Start Ty = +25°C, L = 4.2mHy, Rg = 252, Peak || = 19A 


2. Pulse Test: Pulse width < 300ys, Duty Cycle < 2% Soa CAINE a5 Ge BE) 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 
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Specifications [RFP9140, IRFP9141, IRFP9142, IRFP9143 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss_| Va@s= OV, Ip = -250ynA 
IRFP9140, IRFP9142 


Sa | wars 


fof - | - |v 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Modified MOSFET ad 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
S 


Ty = +259C, Ig = -19A, VGs = OV 


Ty = +2509C, Ip = -18A, dif/dt = 100A/ys 


16) 


Diode Forward Voltage (Note 2) 
Reverse Recovery Time 
Reverse Recovered Charge 
Forward Turn-on Time 


= 
OQ 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp 


IFPO141, IRFPOTAS P-s0 | - | - | v_ 
Gate Threshold Voltage VGs(TH) | VoS=VGs, Ip =-250uA | -20 {| - | -40 | vi] 
Gate-Source Leakage Forward lass |Vgs=20V | o- {| = | 100 | nA | 
Gate-Source Leakage Reverse less |VGs=-20V | = { = | -100 | nA | 
Zero Gate Voltage Drain Current Ipss_| Vps = Max Rating, Vgg = OV | - | =- | 250 WA 

Vps = Max Rating x 0.8, Vas = OV, 1000 yA 
Ty = +1259C 
On-State Drain Current (Note 2) ID(ON) | YDS> !D(ON) X DS(ON) Max, Vgs = -10V 
IRFP9140, IRFP9141 -19 A 
IRFPOT42, IRFPOT4S r= [ - | - | A_ 
Static Drain-Source On-State DS(ON) | V@S =-10V, Ip =-10A 
Resistance (Note 2) 
IRFP91 40, IRFP9141 0.14 0.20 n 
iRFP9142, IRFPOTAS P= [020 [030 [ a _| 
Forward Transconductance (Note 2) Vps < -50V, Ip = -10A | 53 | 79 | - | SB) 
Input Capacitance Ciss__| Vas = OV, Vps = -25V, f = 1.0MHz | - | 1200 | - | pF | 
Output Capacitance Coss_| S°¢ Figure 10 [=| s70_| = | oF 
Reverse Transfer Capacitance Crss | - | 160 | - | pF | 
Turn-On Delay Time | ta(on) | Vop = -5OV, Ip =-19A, Rg =9.19 | =| | 20 | ns | 
Rise Time t See Figure 17. (MOSFET switching times 100 
Turn-Off Delay Time td(OFF)_| temperature.) Lt | 70 | ns | 
Fall Time Ls | 70 | ns 
Total Gate Charge Vas =-10V, Ip =-19A, Vps = 0.8 Max nc 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 
Gate-Source Charge : (Gate charge is essentially independent of nc 
ree Charg a is 1 ocetine torneratar) a ee Mae 
Gate-Drain (‘Miller Charge__| Qga es ee 
Internal Drain Inductance Lp Measured between Modified MOSFET nH 
contact screw on symbol! showing the 
header thatis closer | internal device 
to source & gate inductances. 
pins & center of die. 
Internal Source Inductance Ls Measured from the nH 
source pin, 6mm 
(0.25”) from header&| G 
source bonding pad. s 
oS 
Case-to-Sink Recs __ | Mounting surface flat,smoothand greased [| - | | = | 9C/W 
Junction-to-Ambient Roja __ | Free Air Operation = | 30 | OC/W 


fo) Ol w PS er) 
5 a miN} oN N] OH] 


t 
ok 
. 


| ORR _| 


NOTES: 1. Ty = +25°C to +1509C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 4.2mHuy, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 252, Peak IL = 19A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRFP9140, IRFP9141, IRFP9142, IRFP9143 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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TRANSCONDUCTANCE (SIEMENS) 


GFs: 


(pF) 


C, CAPACITANCE 


Fig. 10 - Typical capacitance vs. arain-to-source voltage. 


BVpsgg. ORAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMAL IZED) 


IRFP9140R, IRFP9141R, IRFP9142R, IRFP9143R 


BOps PULSE TEST 


0 8 16 24 32 40 
NEGATIVE Ip, DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 8 - Breakdown voltage vs. temperature. 
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92GS-44167 


Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 9 - Normalized on-resistance vs. temperature. 
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Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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ORAIN-TO-SOURCE ON RESISTANCE 


Ros (on) : 


IRFP9140, IRFP9141, IRFP9142, IRFP9143 
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Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 14 - Power vs. temperature derating curve. 


Rp 


DUT = 


Ps 
tp Rg + 
ee 
Ves = -10 } | 
VARY tp TO OBTAIN 
REQUIRED PEAK I, 
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Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current vs. case tempe: ature. 
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Fig. 15 - Unclamped inductive test circuit. 
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Fig. 16 - Unclamped inductive wavetorms. 
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Fig. 16 - Gate charge test circuit. 


|! HARRIS IRFP9150 
IRFP9151 


Avalanche Energy Rated 
January 1994 P-Channel Power MOSFETs 


Features Package 
e -25A, -80V and -100V a eel 


* TDS(ON) = 0.1502 


e Single Pulse Avalanche Energy Rated 


: _ — SOURCE 
e SOA is Power-Dissipation Limited 


— _ nn 
e Nanosecond Switching Speeds DRAIN 


e Linear Transfer Characteristics GATE 


¢ High Input Impedance 


Description 


The IRFP9150 and IRFP9151 are advanced power MOSFETs 

designed, tested, and guaranteed to withstand a specified level P-CHANNEL ENHANCEMENT MODE 
of energy in the breakdown avalanche mode of operation. 

These are p-channel enhancement-mode silicon-gate power D 

field-effect transistors designed for applications such as 

switching regulators, switching converters, motor drivers, relay 

drivers, and drivers for high-power bipolar switching 

transistors requiring high speed and low gate-drive power. 

These types can be operated directly from integrated circuits. 


Terminal Diagram 


The P-channel IRFP9150 is an approximate electrical 
complement to the N-channel IRF150. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 
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Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
IRFP9150 IRFP9151 


Drain-Source Voltage -100 
Continuous Drain Current 
-25 
To = 100°C -18 
Pulsed Drain Current -100 
Gate-Source Voltage +20 
Maximum Power Dissipation 150 
(See Figure 18) 
Linear Derating Factor 1.2 Lae 
Single Pulse Avalanche Energy Rating (3) 1300 1300 
(See Figure 14) 
Avalanche Current (Repetitive or Nonrepetitive) -25 -25 
Operating and Storage Junction -55 to +150 ~55 ta +150 
Temperature Range 
Maximum Lead Temperature for Soldering 300 300 
(0.063” (1.6mm) from case for 10s) 


NOTES: 


1. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 3. Vpp = 25V, Start Ty = +25°C, L = 3.2mhy, Rg = 25M, Peak I, = 25A 


2. Repetitive Rating: Pulse width limited by max. junction temperature. See ene Figuren 1 are 1%) 


Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 2293 1 
Copyright © Harris Corporation 1994 
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Specifications IRFP9150, IRFP9151 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


Drain-Source Breakdown Voltage 
IRFP9150 


Gate-Source Leakage Forward 
Gate-Source Leakage Reverse 
Zero Gate Voltage Drain Current 


lass ce = -20V 
lass Vas = 20V 


IDss Vps = Max Rating, Vgs = OV 

Vps = Max Rating x 0.8, Vgs = OV, 

To =+1259C 

VDS > !D(ON) X (DS(ON) Max VGs = 10V 
'DS(ON) Vas =-10V, Ip =-10A 


7-250 


-1000 a 


On-State Drain Current (Note 1) 


Static Drain-Source On-State 
Resistance (Note 1) 


Forward Transconductance (Note 1) 
Input Capacitance 

Output Capacitance 

Reverse Transfer Capacitance 
Turn-On Delay Time 

Rise Time 

Turn-Off Delay Time 

Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 
Gate-Drain (‘Miller’) Charge 


Vps = -10V, Ip = -12.5A 


Ves = OV, Vps = -25V, f = 1.0MHz 
See Figure 10 


VppD = -50V, Ip = -25A, Rg = 6.8, 
Rp = 22. See Figures 16 and 17. 


(MOSFET switching times are essentially 


ta(OFF independent of operating temperature.) 


. . 
- _- 
|Turn-OnDelayTime 
. 
—_ 


ics 
ai: 
lesen 
ae 
raion 
Taor | 
is 
a 
Mi 


Vas = -10V, Ip = -25A, Vps = 0.8 Max 
Rating. See Figures 11 & 19 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 
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ae 
ae 

Measured between Modified MOSFET 

contact screw on symbol showing the 

header thatiscloser | internal device 

to source & gate inductances. 

pins & center of die. : 
ae 
EL = 
| 0.3 | 


@) 


3 
1) 


Internal Drain Inductance 


rm 
8 


Measured from the 

source pin, 6mm 

(0.25”) from header& | G 
source bonding pad. : 


Internal Source Inductance 


m 
9) 


S Mounting surface flat, smooth and greased 


Roja | Free Air Operation 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 


Pulse Source Current ISM integral reverse 
(Body Diode) (Note 3) P-N junc. rectifier. 


Junction-to-Case 
Case-to-Sink 
Junction-to-Ambient 


| EA 


Ty = +259, Ig = 25A, Vs = OV 
Tj = +250, Ip = 25A, dif/dt = 100A/us 
Tj = +250, Ir = 25A, dif/dt = 100A/us 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Lg + Lp. 


NOTES: 1. Pulse Test: Pulse width < 300us, 2. Repetitive Rating: Pulse width limited by max. 3. Vpp = 25V, Start Ty = +25°C, L = 3.2mhy, 
Duty Cycle < 2% junction temperature. See Transient Thermal Re = 250, Peak I, = 25A (See Figures 14 
Impedance Curve (Figure 5) and 15) 
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IRFP9150, IRFP9757 
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25degC 
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Fig. 1 - Typical output characteristics. 
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Fig. 4 - Maximum safe operating area. 


Fig. 3- Typical saturation characteristics. 
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Fig. 5 - Maximum effective transient thermal impedance. 
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IRFP9150, IRFP91517 
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Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 9 - Normalized on-resistance vs. temperature. 
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Fig. 8 - Normalized breakdown voltage vs. temperature. 
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Fig. 11 - Typical gate charge vs. gate-to source voltage. 


Fig. 10 - Typical capacitance vs. drain-to source voltage. 
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IRFP9150, IRFP9157 


Vgs=-10V Vgs=-20V 


ON RESISTANCE [Rds(on)]—milliOHMS 
DRAIN CURRENT (Id)-A 


DRAIN CURRENT (Id)-AMPERES CASE TEMPERATURE (Tc)-degC 
RESIRFS150CF1 IDIRF9250CF1 


Fig. 12 - Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 
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UNCLAMPED INDUCTIVE TEST CIRCUIT 
92GS-44216 BVpss 


92GS-44218 


Fig. 14 - Unclamped inductive test circuit. Fig. 15 - Unclamped inductive waveforms. 


PULSE WIDTH 
Vgs(OFF) 0 V 10% 10% 
Rp INPUT 50% 50% 
90% 90% 
Vq@s(ON) - 10 V INPUT PULSE INPUT PULSE 
RISE TIME FALL TIME 
DUT td (ON) tr td (OFF) tf 
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P-CHANNEL 
POWER MOSFETs 


VARY t,, TO OBTAIN Rg SPs Vos (ON) 0% 90% 
REQUIRED PEAK 1, + OUTPUT 
0 
ne (OFF) 10% 10% 
Veg= -10V J~ P= 
j SWITCHING TIME WAVEFORMS 
92GS-44219 


Fig. 16 - Switching time test circuit. Fig. 17 - Switching time waveforms. 
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Fig. 18 - Power vs. temperature derating curve. Fig. 19 - Gate charge test circuit. 
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Features 

e -10A and -12A, -200V and -150V 

* TDS(ON) = 0.502 and 0.72 

e Single Pulse Avalanche Energy Rated 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Description 


The IRFP9240, IRFP9241, IRFP9242 and IRFP9243 are ad- 
vanced power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


IRFP9240/P9241 
IRFP9242/P9243 


Avalanche Energy Rated 
P-Channel Power MOSFETs 


Package 
TO-247 
TOP VIEW 
DRAIN 
(TAB) oo SOURCE 
he 
oo GATE 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°9C), Unless Otherwise Specified 


IRFP9240 
Drain-Source Voltage (1) ....ccsucscsscsssavsscansens Vos -200 
Drain-Gate Voltage (RGS = 20kK{2)(1)......... ee eee VDGR -200 
Continuous Drain Current 
Vela) at PET ET eee TE TTET CIT Tere ree rere ID -12 
TE = TODS. sccwescneraenaeceensaeena nea nemewa swmeas Ip -7.5 
PUBS DMI CONBIING) 6aktedisscesdwes cnn wewnee dese IDM -48 
Gale-SOuCe VONAGE cos cssceccaiaevsaeseesew ean ows Ves +20 
Maximum Power DISSINGUON vs 6saces ceecree vases vaeses Pp 150 
(See Figure 14) 
Linger Deraling Fal n.sacevee ce bee cenewneena kuna eeawionws 1.2 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4)............06. Eas 790 
Operating and Storage Junction ..............0085 TJ, TSTG -55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering ............055 1. 300 


(0.063” (1.6mm) from case for 10s) 


NOTES: 
1. Ty = +25°C to +150°C 
2. Pulse Test: Pulse width < 300us, Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procedures should be followed. 


Copyright © Harris Corporation 1992 


5-140 


D 
G 
Ss 
IRFP9241 IRFP9242 IRFP9243 UNITS 
-150 -200 -150 V 
~150 -200 =150 V 
=T2 “TO =10 A 
=f a -6.3 -6.3 A 
-48 -40 -40 A 
+20 +20 +20 V 
150 150 150 W 
12 1.2 1.2 W/°C 

790 790 790 mJ 
-55to+150 -55to+150 -55to+150 °C 
300 300 300 oC 


4. Vop = SOV, Start Ty = +25°9C, L = 8.2mH, Rg = 50M, Peak = 12A 
(See Figures 15 and 16) 


File Number 


2294.1 


| 


Specifications IRFP9240, IRFP9241, IRFP9242, IRFP9243 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Drain-Source Breakdown Voltage | BVpss_ | Vas =OV, Ip =-250uA oe | = | = |e | 
Vv 


IRFP9240, IRFP9242 
IRFP9241, IRFP9243 | -150 | - | - | Vv] 
Vps= Vas, Ip =-2501A 20 | - | -40 | v_ 
[Gate-SourceLeakageFoward | Igss |Ves=20V_—SSCS~SSS SY +d; 
[Gate-SourceLeakageReverse | IGss_|Vas=-20V_————SCS = Y= +d; CTO | 


Zero Gate Voltage Drain Current Ipss__| Vps = Max Rating, Vag = OV | o- [| - | -250 | pA | 
Vps = Max Rating x 0.8, VGs = OV, -1000 yA 
Ty = +1259C 
=12 A 


p -1o | - | - J A 


0.38 0.50 9) 


On-State Drain Current (Note 2) 
IRFP9240, IRFP9241 
IRFP9242, IRFP9243 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP9240, IRFP9241 


IRFP 9242, IRFPO2AS [= [050 [070 | a 
[Forward Transconductance(Nowe2) | fe _|Vps=-S0VIp=-6SA_——S—S~—t CY YC Cd OO 


Input Capacitance Ciss 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss 
Turn-On Delay Time | ta(ON) | VDD =-100V, Ip =-12A, RG = 9.19 
spate Ate eedet whl iy 
- : are essentially independent of operating 

Turn-Off Delay Time td(OFF temperature.) 

Fall Time | te | 

Total Gate Charge VG@s = -10V, Ip = -12A, Vps = 0.8 Max 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 
Gate-Source Charge (Gate charge is essentially independent of 
|Gate-SourceCharge | gs | Crating tomperature) 


Measured between Modified MOSFET 
contact screw on symbol showing the 
header thatiscloser | internal device 

to source & gate inductances. 

pins & center of die. 


Measured from the 


Vas = OV, Vps = -25V, f = 1.0MHz 
See Figure 10 


ee oe 
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350 


nh 
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© 
nN 
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Internal Drain Inductance 


Ne) wo Ni . 
als} sfalalalalale 
a | 


il 
oOo 


Internal Source Inductance 


source pin, 6mm 
(0.25”) from header& | G 
source bonding pad. ‘ 


oS 


Mounting surface flat, smooth and greased 


Free Air Operation 


Modified MOSFET Db 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 
Ss 


Ty = +259C, Ig =-12A, Vag = OV 
Ty = +2509C, Ip =-11A, dif/dt = 100A/ys 
Reverse Recovered Charge | QrRR | 
tON 


Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs +Lp. 


= aiSsis 2 DIDI 
i @) nl 


io) 
oO 


(eo) 
wo 
—L 


—_ 


I 
mer 
Le) 


Continuous Source Current Is 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


= 
@) 


| 
wh 


iS 
co 


NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max. 4. Vop = SOV, Start Ty = +25°C, L = 8.2mHuy, 
2. Pulse Test: Pulse width < 300us, junction temperature. See Transient Thermal Rg = 500, Peak I, = 12A (See Figures 15 
Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRFP9240, IRFP9241, IRFP9242, IRFP9243 


NEGATIVE Ip, ORAIN CURRENT (AMPERES) 


) 20 40 60 BO 100 
NEGATIVE Vpco, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. 


NEGATIVE Ip. DRAIN CURRENT (AMPERES) 


NEGATIVE Voc, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. 
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THERMAL RESPONSE (Zy, jc) 
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4079 1074 1073 


t,, RECTANGULAR PULSE DURATION 


2 
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0 2 4 6 8 10 
NEGATIVE Vgc, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 - Typical transfer characteristics. 
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TU yyy 1 

— HIREPS240, 1 = Sasi =m: 
=e awl —— 

|! Gy . Ht 
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= IRFP9240, 1 |e tt 
ees mat KIT 1 tt tt 

IRFP9242, 3 SS SSE te 
es a OS 
BBE ¢.imm 
TIAA 
TTA A TTT 
Az | || 


NEGATIVE Ip DRAIN CURRENT (AMPERES) 


5 SeSeeS IRFP9240, 2 <7 
Tc =25°C i 
aa 


I L i ’ 


1 2 5 ww 2 5 102 2 5 103 
NEGATIVE Vpg DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92GS-44197 


Fig. 4 - Maximum safe operating area. 


1. DUTY FACTOR, D=t,/t> 
2. PEAK T =Pom X ZtnUC + Tc 


107¢ 0.4 4 10 
(SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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(pF) 


C, CAPACITANCE 


BVpsg. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMAL IZED) 


(SIEMENS) 


TRANSCONDUCTANCE 


Sts: 


IRFP9240, IRFP9241, IRFP9242, IRFP9243 


NEGATIVE Ip, DRAIN CURRENT (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 
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2400 
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-20 0 20 40 60 80 100 120 140 
Tj. JUNCTION TEMPERATURE ( °C) 


Fig. 8 - Breakdown voltage vs. temperature. 


Vog = OV, f = IMHZ 
= Cgg + Cgq. Cgg SHORTED 
= Coq 
Cys * Cys Cg / (gs + Cau 
Gag * © 


|| 
fil Ciss 


gd 


| | tt 
he SE 
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a 


e Ali 1 


1 ' : 10 . : 


NEGATIVE Vp, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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NEGATIVE Inr, REVERSE DRAIN CURRENT 


(AMPERES) 


\ 


——— 
at 
P| 


Bil 


-0.4 -06 -0.8 -10 -1.2 -1.4 -16 -1.8 
NEGATIVE Vgp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
92GS-44170 


Fig. 7 - Typical source-drain diode forward voltage. 


NEGATIVE Vgc, GATE-TO-SOURCE VOLTAGE (VOLTS) 
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Ty. JUNCTION TEMPERATURE ( 4 


Fig. 9 - Normalized on-resistance vs. temperature. 


FOR TEST CIRCUIT 
SEE FIGURE 16 
0 12 24 36 48 60 


TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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DRAIN-TO-SOURCE ON RESISTANCE 


IRFP9240, IRFP9241, IRFP9242, IRFP9243 


On 
Cc 


“ret t | Tl 


ec 
= 
w 
Q 
iC 
0. 
0 10 20 30 40 50 
NEGATIVE Ip, DRAIN CURRENT (AMPERES) 
Fig. 12 - Typical on-resistance vs. drain current. 
150 
a 
= 
= 100 
z 
2 
— 
& 
3 
f=] 
c 
hd 
= 50 
a 
& 
0 50 100 150 
Tc, CASE TEMPERATURE (°C) 
Fig. 14 - Power vs. temperature derating curve. 
Ro 
DUT + ps 
tp RG + 
L494 
Ves = -10V 


VARY t, TO OBTAIN 
REQUIRED PEAK I, 


92CS-43280 


Fig. 17 - Switching time test circuit. 
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NEGATIVE Ip, DRAIN CURRENT (AMPERES) 


Tc, CASE TEMPERATURE ( °C) 


Fig. 13 - Maximum drain current vs. case temperature. 


ial 


Ves=-10V 
vom 


VARY tp TO OBTAIN 
REQUIRED PEAK I 


92CS-43278 


Fig. 15 - Unclamped inductive test circuit. 


BVpss 


92CS-43279 


Fig. 16 - Unclamped inductive waveforms. 


CURRENT -Vps 
REGULATOR O (ISOLATED 
SUPPLY) 


Ig Ip 
CURRENT CURRENT 


SAMPLING SAMPLING 
RESISTOR RESISTOR 


92CS-43281 


Fig. 18 - Gate charge test circuit. 


tat HARRIS RFL1P08 
RFL1P10 


P-Channel Enhancement-Mode 


August 1991 Power Field-Effect Transistors 
Features Package 
TO-205AF 

e 1A, -80V and -100V BOTTOM VIEW 
° TDS(ON) = 3-652 
© SOA is Power-Dissipation Limited SOURCE GATE 
© Nanosecond Switching Speeds 6) 
e Linear Transfer Characteristics E) 6) 

DRAIN 
® High Input Impedance (CASE) 


e Majority Carrier Device 


Description : : 
Terminal Diagram 
The RFL1P08 and RFL1P10 are P-channel enhancement- 
mode silicon-gate power field-effect transistors designed for P-CHANNEL ENHANCEMENT MODE 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- D 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly - 
from integrated circuits. fa 
sll 
The RFL series types are supplied in the JEDEC TO-205AF G Wo 
metal package. =O 
* q = 
Lo 
S Oo w 
OW 
Oo 
a 
Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
RFL1P08 RFL1P10 UNITS 
Dia MH SOUCe VONOGS nad da neo Ha-0 be We 00k 206 Kea be Dee Cee de Ede eke ee eewae es Vos -80 -100 V 
Drain=Gate Voltage (RGS = TMD) ics caicicscenssaesevoeds cee es teaecedes VDGR -80 -100 V 
Continuous Drain Current 
RMS GOnTMUOUS os cis cic ces essen es ees ee ees ER RDC WE see RO HES aoe ON ees Te Ws Ip 1 1 A 
PUlsed Drain Curren ic sas dai ns ada si esos Res he Deed SSE PEN AEs Oe ER OR ORSs IDM 5 5 A 
PRR OUNCE VONAUG sisi san can ca nda denen eee needed ve cue oes eR dees eee Rs Ves +20 +20 V 
Maximum Power Dissipation 
Pe cs kona ndsessthineiwadnwesbsisaa reser es atesseasanesoncoeses Pp 8.33 8.33 Ww 
MOOS Te = FSSC, DSS LINGANY 5 iecins sce we dewdee di wad gas cesses ee ea dees 0.0667 0.0667 W/°C 
Operating and Storage JUNGHON sxens evens exw wes ne ene ve 0 ee we dns Oe eRe Ty, TSTG -55 to +150 -55 to +150 oC 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 535.1 


Copyright © Harris Corporation 1991 
5-145 


Specifications RFL1P08, RFL1P10 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


LIMITS 
RFL1P08 RFL1P10 


CHARACTERISTIC UNITS 


MIN | MIN 
eo | = 0 
ese | -|- [| 
= 1 
= Ls 
—_ —_ 
— — 
= 2 
200 | 200 
—_ = 
= Ls 
ss Ls 


Zero-Gate Voltage Drain Current 


n 


VDS(on)* Ip = 1A, Vag =-10V 
Ip = 2A, Vag =-10V 
'DS(on)* Ip = 1A, Vas =-10V 


Ciss Vas = OV, Vps = -25V 


f= 1MHz 


i¢2) 
-~ 
~ 
U4 
-_— 


Ae) 


ne) ne) 
Th Th 


w 
oO 


Turn-On Delay Time Ip = 1A, Vpp = -50V 
R =Res = 50 


h 
1) 


3 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFL1P08 RFL1P10 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Diode Reverse Recovery Time IF =2A 
djF/dt = 50A/us 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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RFL1P08, RFL1P10 


CASE TEMPERATURE (Tc)=25°C 


OPERATION IN THIS AREA ee i AL 6 5 A AR TS. a 
wo — ILIMITED BY Rde(on) a a Sa a ae 
= THT 
2 ee 
ass Bg ae a I ae Le 

ar i 
- Pa eee | ee 
i Pot ET TT NET 
ST ee ll 
= ES ho So Se Son Soo Sov Sot loll ot oe 
xc ae ee bee 1) (i 2 (fie aa a) ae 
<< a rt «© The rrr 
ro) ee ee se ee | Lila ae ee i) 

ae ell oF fT TTT 

LL 
FL LETTE EE LT te fT 
0.01 
1 10 100 1000 
DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS RFLIPOS 


Fig. 1 - Maximum operating areas for all types. 
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POWER DISSIPATION MULTIPLIER 
NORMALIZED GATE THRESHOLD VOL TAGE beatin) 


JUNCTION TEMPERATURE (Tj)—°C 
92CS-37585 


Fig. 2 - Normalized power dissipation vs temperature derating curve. Fig. 3 - Typical normalized gate threshold voltage as a function of 
junction temperature for all types. 


Vos *~!5 


PULSE TEST 
PULSE DURATION= 80us 
DUTY CYCLE <2% 
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ORMALIZED DRAIN- TO-SOURCE ON RESISTANCE 


OftrrrrnH 
50 100 2 =4 -6 -8 
JUNCTION TEMPERATURE (T, )—°C GATE- TO-SOURCE VOLTAGE (Vgs)—V 
92CS-37586 92CS-37587 
Fig. 4- Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFL1P08, RFL1P10 


ine 4) PULSE TEST 

PULSE DURATION = 80ys 

DUTY CYCLE < 20% 

CASE TEMPERATURE (Tc)=25°C 


Ve 
SOURCE 
VOLTAGE 

Ig (REF) = 0.095 mA 


r 

2 : ‘a 

© = \) 3 H aon 

3 Veg = -10 V so $ - Leer 

o is S sapeeu 

8 g F 

> a 
ac 
p= | 
[) 
= 
_q 
ax 
(a) 
———— 1 | 
Ig (REF) Ig (REF) an 
Ig (ACT) Ig (ACT) 
— wi 0 =I -2 -3 -4 -5 
TIME — Microseconds — DRAIN-TO-SOURCE VOLTAGE (Vps)-V 
92CS-37589 
Fig. 6 - Normalized switching waveforms forconstant gate-current Fig. 7 - Typical saturation characteristics for all types. 
drive. 


4 z- 
= Ves lov 


H++PULSE TEST 
PULSE DURATION= 80us 
DUTY CYCLE <2% 


FREQUENCY (f)=! MHz Fe 
Ss eee 


nN 


CAPACITANCE (C)-PF 


DRAIN-TO- SOURCE ON RESISTANCE 
_ [rpson)] —2 


fe) -10 -20 -30 -40 -50 


DRAIN -TO-SOURCE VOLTAGE ( Vps) —V 
92CS- 37590 92CS-37591 


DRAIN CURRENT (Lp)—A 


Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage for 
drain current for all types. all types. 


Vps?-I5V : ici 
PULSE TEST : 
PULSE DURATION= 8Ous {4 

% 4 


DUTY CYCLE < 2 
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— ee ea ies 92CS-37710 
fe) 0.5 | 1.5 2 2.5 
DRAIN CURRENT (Ip)-A 
92CS-37592 
Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching time test circuit. 


current for all types. 
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i HARRIS RFP2P08 
RFP2P10 


P-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features Package 


° -2A, -80V and -100V TeNe0RE 


TOP VIEW 
* (DS(ON) = 3.52 
e SOA is Power-Dissipation Limited 


DRAIN —— 
ee ————> 
e Nanosecond Switching Speeds (FLANGE) tls 
e Linear Transfer Characteristics | , [$< GATE 


® High Input Impedance 


e Majority Carrier Device 


Description . ; 
P Terminal Diagram 
The RFP2P08 and RFP2P10 are P-channel enhancement- 
mode silicon-gate power field-effect transistors designed for P-CHANNEL ENHANCEMENT MODE 


applications such as_ switching regulators, switching 


converters, motor drivers, relay drivers, and drivers for D 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated “ 
directly from integrated circuits. 7 
aul 
The RFP series types are supplied in the JEDEC TO-220AB G W o 
lastic package. 290 
p p g == 
Lo 
S Oo w 
a. 
re) 
o. 
Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
RFP2P08 RFP2P10 UNITS 
Drain-Source VONAGS siicscswcdcecnecisseccaes secesestepeedeceracn eeu ces Vps -80 -100 V 
Drain=Gate Voltage (ARGS 2 1M1)) occ ccseccsevcnwnwcasaenneesworwns hemes VDGR -80 -100 V 
Continuous Drain Current 
BINS CONUS vied ute nses chines ekaeehs deed endse dads Ken ee sd ocean ORs Ip 2 2 A 
PUES DAH CUTE 5 énccswon Senne cords cies Saweasmenesseeecensd eens IDM 5 5 A 
Gale-SOUCO VONAGS 6 cou Fitseeiess cee ceavesssmeewsvesade dies ses deaneows Ves +20 +20 V 
Maximum Power Dissipation 
TG I cin varncesinsdandsidanccazaneseedsabcateeaseteti ceheoedes Pp 25 25 W 
ABOVE TG = 425°C, Demis LINGSAY avs viccccsne cress deendeneenn needs aeennes 0.2 0.2 W/°C 
Operating and Storage JUNCHON vicescccinesnsarsecesiscsersseaceseves Ty, TSTG  -55to+150 -55to+150 bd © 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2870 
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Specifications RFP2P08, RFP2P10 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, VQ@s =9 
Gate Threshold Voltage VGSith) Vas =Vps:!p = 1mA 


Zero-Gate Voltage Drain Current IpDss Vps =-65V 
Vps = -80V 
To = +125°C 


Gate-Source Leakage Current Iess Vas = +20V, Vps =0 


Drain-Source On-Voltage VDS\(on) Ip = 1A, Vq@s =-10V 


Static Drain-Source On Resistance 'DS(on)* Ip = 1A, VG@s =-10V 

Forward Transconductance Ip = 1A, Vps = -10V 

Input Capacitance Ciss Ves = OV, Vps = -25V 

f = 1MHz 

Output Capacitance Coss 

Reverse Transfer Capacitance Crss 

Turn-On Delay Time Ip = 1A, Vpp = -50V 
a RGEN =Reas = 509 

Turn-Off Delay Time 

Thermal Resistance Junction-to-Case Rec he 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC SYMBOLS 


Diode Forward Voltage 
Diode Reverse Recovery Time IF = 2A 


djF/dt = 50A/us 


LIMITS 
RFP2P08 RFP2P10 
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.@) 
oO 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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RFP2P08, RFP2P10 


RFP2P 10 


SAFE OPERATING AREA 
RFP2POS . 


~ S 
SdN¥B - CPT) LINSYYNI NIVUO 


SOURCE VOLTAGE (Vds) - VOLTS 


DRAIN-TO- 


Maximum operating areas for all types. 


Fig. 1 
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JUNCTION TEMPERATURE (T))—°C 


-50 


o} 


((u4)S9A] 3OVLIOA GIOHS3YHL 31V9 G3ZITVWHYON 


150 


2 


100 l 


50 
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92CS-37585 
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Fig. 3 - Typical normalized gate threshold voltage as a function of 


Fig. 2 - Normalized power dissipation vs temperature derating curve. 


junction temperature for all types. 


PULSE DURATION= 80us 
DUTY CYCLE < 2% 


PULSE TEST 


.V— [(uo)0Z] 1N3uNuND NIV 3LvLS-NO 


EA AHH 
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JONVLSISSY NO JDYNOS-O1L-NIVYO 03Z!11VWYON 


92CS-37587 


GATE- TO- SOURCE VOLTAGE (Vgs)—V 


92CS-37586 


JUNCTION TEMPERATURE (T, )—°C 


Fig. 5 - Typical transfer characteristics for all types. 


Fig. 4- Normalized drain-to-source on resistance to junction 


temperature for all types. 
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Vos — Voits 


Ig (REF) 
Ig (ACT) 


Fig. 6 - Normalized switching waveforms for constant gate-current. 


nN 


DRAIN-TO- SOURCE ON RESISTANCE 
[r ps(on)] —n 


RFP2P08, RFP2P10 


GATE 
SOURCE 
VOLTAGE 


Ry = 502 
ig (REF) = 0.095 mA 
Yes =-10V 


Vos — Volts 


DRAIN CURRENT (Ip)-A 


: Ig (REF) 
ig (ACT 


— Mi n 
TIME — Microseconds 92CS-37639 . 


Fig. 7 - 


H Veg" ~lOV 


Ht PULSE TEST 
It PULSE DURATION 80s 
THT DUTY CYCLE < 2% 
PT TTT TTT TTT TT TT TT TT 
AC RRER SEEARRAABRAR ae eaee 
BSSSE0 RERee eee 


CAPACITANCE (C)-PF 


DRAIN CURRENT (Lp)-A 


Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 


Vos: -I5V 


PULSE TEST 
PULSE DURATION® 80us 
DUTY CYCLE < 2% 
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92CS- 37590 


DRAIN CURRENT (Ip)-A 


92CS-37592 


Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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4\ PULSE TEST 
PULSE DURATION = 8Ous 
DUTY CYCLE < 20% 
CASE TEMPERATURE (Tc)=25°C 


aap 
a 
ae 


= -2 -3 
DRAIN-TO-SOURCE VOLTAGE (Vps)-—V 
92CS-37589 


Typical saturation characteristics for all types. 


DRAIN -TO-SOURCE VOLTAGE ( Vps) -V 
92CS-37591 


Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 


472 


KELVIN 
CONTACT 


92CS-37710 


Fig. 11 - Switching time test circuit. 
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Features 

e -5A, -120V and -150V 

* DS(on) = 12 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The RFM5P12 and RFM5P15 and the RFP5P12 and 
RFP5P15 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for high-speed 
applications such as_ switching regulators, switching 
converters, relay drivers, and drivers for high-power bipolar 
switching transistors. 


The RFM series types are supplied in the JEDEC 
TO-204AA metal package and the RFP series types in the 
JEDEC TO-220AB plastic package. All these types are 
supplied without an internal gate zener diode. 


RFM5P12/5P15 
RFP5P12/5P15 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE i (FLANGE) 
GATE 
TO-220AB 
TOP VIEW 
DRAIN 

eee 


fi LPS 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


P-CHANNEL 
POWER MOSFETs 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


RFM5P12 

Dra“ SOUies VOURGG sn sccccne nee seceweaena we Vos -120 
Drain-Gate Voltage (RGS =1MN) ............ VDGR -120 
Continuous Drain Current 

Fits GORUNUQUS 5 issu xe ee-00d dab ea cb ons bens ID 5 

PiINseG Dia CGE ooo xan en wes ce one ee eee Se0 IDM 15 
Gate-Saurce Voltage . ois cscs can casera ewe ne Ves +20 
Maximum Power Dissipation 

VE TONG a6 cxcexncuntsednastenwe rience news Pp 75 

Above Tc = +259C, Derate Linearly ............. 0.6 
Operating and Storage Junction ........... Th, TSTE -55 to +150 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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D 
CG 
S 
RFM5P15 RFP5P12 RFP5P15 UNITS 
-150 -120 -150 V 
-150 -120 -150 V 
5 5 5 A 
15 15 15 A 
+20 +20 +20 V 
75 60 60 WwW 
0.6 0.48 0.48 W/°CG 
~55to +150 -55to +150 -55 to +150 oC 
File Number 1463 


Specifications RFM5P12, RFM5P15, RFP5P12, RFP5P15 


LIMITS 


TEST 2 RFM5P15 
SYMBOL UNITS 
CONDITIONS 2 RFP5P15 


RFM5P1 
RFP5P1 
Drain-Source Breakdown Voltage BVoss 


Zero-Gate Voltage Drain Current a 


CHARACTERISTIC 


Gate-Source Leakage Current 


Drain-Source On Voltage lnb=25A 


Ves = -10 V 


a 
Vosion 


Static Drain-Source On Resistance 


Forward Transconductance 


input Capacitance Ciss 


Output Capacitance Coss 
Reverse-Transfer Capacitance ) 
Turn-On Delay Time | tom | Voo = 1/2 BVoss | 20(typ.)| 60 | 20(typ.) | 60 | 


TRiseTimeOSOSC—~—S 
TTurn-O1f Delay Timed tao | Rann = Rar = 500 


Ves = 10v | aoityp) | 100 [4ovtyp.) | 100 


Thermal Resistance Junction-to-Case R@c | RFMSP12, 1.67 167 
| RFM5P15 
| °C/W 
| REP5P12, 
| RFP5P15 


“Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


SYMBOL 
Diode Forward Voltage 


Reverse Recovery Time [| 


*Pulse Test: Width < 300 ws, Duty Cycle < 2%. 


TEST 


CHARACTERISTIC CONDITIONS 


| epspi2 | _nepspis__| UNITS 
| Min. | Max. | Min. | Max, | 
Secale aaa 


300(typ.) 300(typ.) ns 


dir/d, = 100A/ps 
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RFM5P12, RFM5P15, RFP5P12, RFP5P15 


-100 ,] CASE TEMPERATURE(Tc)= 25°C i 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 
IN TEMPERATURE) 


a 


<z 
| 
[@) 
H 
- 
Zz 
WW 
a 
x 
> 
oO 
= 
<z 
x 
(=) 


t OPERATION Figs AREA 
= 1S LIMITED BY rosion 


| | 2 4 6 gel 2 4 6 Bg! 
-/ . = 8 810 -100 -1000 
DRAIN- TO-SOURCE VOLTAGE (Vps)-V 
92CS-36476R1 


Fig. 1 - Maximum safe operating areas for all types. 
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a y —J tu 
os «= Kae T)) 
= HH 3 = 
a as > =< O 
: qe : =e 
5 eggs RFMS5P12 acces FA Ss) a 
- SET RFMSP15 HH as rd : 
3 eee coo ds = oa > 
5 HEE & 
o sucseauaue 3 O.. 
saraneea anaes 
3 sete att ae 8 
sane eae N 
Cott 5 
vegeecaeees Z 
= ASHE Fe 
Ht a ASG HH S 
CASE ear eHATURE (Te )—*C Pig ° a oie - 
c oe -55 JUNCTION TEMPERATURE (Ty )—°C 
92CS- 36477 
Fig. 2- Power dissipation vs. temperature Fig. 3- Typical normalized gate threshold 
derating curve for all types. voltage as a function of junction 


temperature for all types. 


Vps*!0 Vv 


PULSE TEST #1 
PULSE DURATION= 8Oys 


Ip:25A H 
Vgst!0 V | 
THEE sae 


1 J it be t 
HLL: i} 


WwW 
oO 
z 
< 
no <a 
n ' 

=a] 
e HH e DUTY CYCLE < 2% 
SE i 
w + Flas 
2 SUE 
2 WwW 
8 a HH a AHHH ra 

ar 
eH 3 
z 5 
<q 
g Hite sz 
2a 1H w 
g Ht s 
g it é 
SE es 
5 
=55  seenan ” seagate (Ty = °C 
1 92cs-36478 0 -2 -4 -6 z) -10—-l2 
GATE-TO- SOURCE VOLTAGE (Vgs)-V 
Fig.4- Normalized drain-to-source on ne 
resistance to junction temperature for Fig. 5 - Typical transfer characteristics for all 
all types. types. 
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112.5 


Volts 


Vos 


Fig. 10- 


RFM5P12, RFM5P15, RFP5P12, RFP5P15 


Ss 
VOLTAGE 8 
R_ = 302 
la Ig (REF) 6 
mt (—</ 


A . ! 4 


Ves — Volts 


37.8 


0 ——————— re) 
Ig (REF) Ig (REF) 
Ig (ACT) Ig (ACT) 


TIME — Microseconds 92C$-37652 


Fig. 6 - Normalized switching waveforms for constant gate-current. 


Refer to Harris application notes AN-7254 arid AN-7260. 


PULSE TEST 
PULSE DURATION= 8Ous 
DUTY CYCLE <2 %+ 


w t. 
= 
=x 
oO 
ae 
a, 
s 
o 
Ql. 
a 


DRAIN SOURCE ON RESISTANCE 


Fig. 8 - Typical drain-to-source on resistance 
as a function of drain current for all 
types. 


PULSE TEST 
PULSE DURATION =80 us 
DUTY CYCLE< 2% 
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3 
DRAIN CURRENT (I9)-A 
92CS-36482 


Typical forward transconductance as a function of drain 
current for all types. 
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DRAIN CURRENT (Ip)-A 


-1 -2 3 -4 -5 -6 -7 
DRAIN- TO- SOURCE VOLTAGE (Vps)— V 
92CS- 3648! 
Fig. 7 - Typical saturation characteristics for all 


types. 


CAPACITANCE (C)— 


-10 -20 -30 -40 
DRAIN- TO- SOURCE VOLTAGE (Vp5)-V 
92CS-36483 


Fig. 9 - Capacitance as a function of drain-to- 
source voltage for all types. 
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VD 
TO SCOPE 


KELVIN 


CONTACT 


92CS-37384 


Fig. 11 - Switching Time Test Circuit. 


RFM6P08/6P10 
RFP6P08/6P10 


P-Channel Enhancement-Mode 


a} HARRIS 


August 1991 Power Field-Effect Transistors 
Features Packages 
TO-204AA 
e-— - — 
6A, -80V and -100V BOTTOM VIEW 
* DS(on) = 9.62 
© SOA is Power-Dissipation Limited SOURCE pdgion 
P / (FLANGE) 
e Nanosecond Switching Speeds ‘O- 
e Linear Transfer Characteristics O O 
° 
e High Input Impedance 
e Majority Carrier Device nS 
. TO-220AB 
Description TOP VIEW 
The RFM6P08 and RFM6P10 and the RFP6PO8 and 
RFP6P10 are p-channel enhancement-mode silicon gate DRAIN ===> SOURCE 
power field-effect transistors designed for high-speed (FLANGE) > DRAIN 
applications such as_ switching regulators, switching | ay ATE 
converters, relay drivers, and drivers for high-power bipolar — 2 
switching transistors. _j ld 
Wo 
. . . : . z 
The RFM series types are supplied in the JEDEC Terminal Diagram me) 
TO-204AA metal package and the RFP series types in the <¢c<= 
JEDEC TO-220AB plastic package. All these types are P-CHANNEL ENHANCEMENT MODE 5 wr 
supplied without an internal gate zener diode. as 
D ‘e) 
o 
G 
Ss 
Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
RFM6P08 RFM6P10 RFP6P08 RFP6P10 UNITS 
DIBin-SOUCS VONRGS 4416 aes ve enn ences canna we Vos 80 100 80 100 V 
Drain-Gate Voltage (RGsS =1mN) ............ VDGR 80 100 80 100 V 
Continuous Drain Current 
RS COMMMUOUS & sux dasen tered bends vecwe vant ID 6 6 6 6 A 
Pulsed Drain GUC ass casas eee ca teaeneew ann IDM 20 20 20 20 A 
Gate-Sourcé Vollage iiss scass cctccsevessen ss Vas +20 +20 +20 +20 V 
Maximum Power Dissipation 
TO FOSS aiian seen camer ess danas eens nese Pp rae: 75 60 60 W 
Above Tc = +259C, Derate Linearly ............. 0.6 0.6 0.48 0.48 W/°C 
Operating and Storage Junction ........... Ty. STG -§5to+150  -55to+150 -55to+150 -55to+150 sd @) 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 490 
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Specifications RFM6P08, RFM6P10, RFP6P08, RFP6P10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25° C unless otherwise specified. 


LIMITS 


RFM6P08 
RFP6P08 


TEST 
CONDITIONS 


Ves=0 
Gate Threshold Voltage Ves(th) Voas=Vps -2 -4 -2 -4 V 
Ip=1 mA 


CHARACTERISTICS SYMBOL 


Zero Gate Voltage Drain Current Vos=-65 V 
Vps=-80 V 
Tc=125°C 
Vps=-65 V 
Vps=-80 V 


Gate-Source Leakage Current Ves=+20 V — 100 — 100 
Vps=0 


Drain-Source On Voltage Vps(on)* Ip=3 A —- -1.8 _ -1.8 
Ves=-10 V V 
Ip=6 A = 
Ves=-10 V 


Static Drain-Source On Resistance 'pos(on)* Ip=3 A Q 
Voes=-10 V 
Ip=3SA 


Input |Input Capacitance a ae 


a 
300 | — | 350_]| pF 
| 150 | = 150 
__60__| 11(typ) | 60 
I : ns 
Rgen=Rgs=50 2 


Fall Time an Ves=10 V 70(typ) 


Thermal Resistance RFM6P08, 1.67 1.67 
Junction-to-Case RFM6P10 : 
RFP6PO8, 2.083 = 2.083 | C/W 
RFP6P10 


*Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


TEST RFMG6P08 RFM6P10 
CHARACTERISTIC SYMBOL | CONDITIONS RFP6P08 RFP6P10 


| MIN. | MAX. _ 
T s=3A we a 


Reverse Recovery Time ai Va a bis 150(typ) 


*Pulse Test: Width < 300 us, duty cycle < —— 
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RFM6P08, RFM6P10, RFP6P08, RFP6P70 


100 ,| CASE TEMPERATURE (Tc) = 25°C fE 
g| (CURVES MUST BE DERATED 

LINEARLY WITH INCREASE IN 
4] TEMPERATURE) 


iiss BSH EN BSEELIITG 
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i. itt eb se se 
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=< 10 see eeretrsibeetenes rere 
| ee peta Se ere Geer eel ier 
Be » 1 MA = : OSE BESS NE sae BBS Bibs se aoe ie 
Lo seers uaa ee BML ETD iii fee ty 
SSeS a : 
= NZ ss On ES 
e iiss #4. ee PEPER i 
5 ee esis oe = = Ta ig 
rs) 2 a OPERATION IN THIS “AREA Peat es 5s. SB tt 
4 = IS LIMITED BY rosion #8 
se z 
[@) Ss 
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Et 
Ge 
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: CEH 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


92CS-37039R1 


Fig. 1 — Maximum safe operating areas for all types. 
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CASE TEMPERATURE 2 ee JUNCTION TEMPERATURE (Ty) —°C 
92CS-37047 
Fig. 2 — Power dissipation vs. temperature derating curve Fig. 3 — Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 


Vos =-lOV 
PULSE TEST 


PULSE DURATION = 80 pS 
DUTY CYCLE <2% 


NORMALIZED DRAIN TO SOURCE ON RESISTANCE 
ON STATE DRAIN CURRENT [Ip(on)] — A 


-50 fe) 50 100 150 200 
JUNCTION TEMPERATURE (Tj) —°C GATE TO SOURCE VOLTAGE (Ves) —v 
92CS- 37042 92CS-37045 
Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 


temperature for all types. 
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RFM6P08, RFM6P10, RFP6P08, RFP6P10 


PULSE TEST 
PULSE DURATION = 80 uS 
35] DUTY CYCLE <2% 


/ GATE CASE TEMPERATURE (Tc) = 25°C 


SOURCE 


VOLTAGE 1 30 succeceeeeesecess 
Ry = 16.672 2 
: Ig (REF) = 0.46 mA g iss 
2 Vgs = -10V s z 
| 4 
” n => 
a 
> - fs oss N 2 ee 
: 0.25 Voss < 
oa 
DRAIN SOURCE VOLTAG 
Ig (REF) ; 90 GIREF 
Ig (ACT) 
G Ig (ACT) DRAIN TO SOURCE VOLTAGE (Vps) — V 
TIME — Microseconds = ° 92C$-37640 92CS-37040 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 
yp 


Refer to Harris application notes AN-7254 and AN-7260. 


==-S-2aee 
a 
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DRAIN SOUR 


PULSE TEST 
PULSE DURATION = 80 “7S 
DUTY CYCLE £2% 


10) 2 4 6 8 10 12 14 16 18 20 -10 -20 -30 -40 -50 
DRAIN CURRENT (Ip) —A DRAIN-TO-SOURCE VOLTAGE (Vps) — V 
92CS- 37044 92CS-37043 
Fig. 8 — Typical drain-to-source on resistance as a function Fig. 9 — Capacitance as a function of drain-to-source 
of drain current for all types. voltage for all types. 
PULSE TEST 
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DRAIN CURRENT (Ip) — = 
92CS- 37046 92CS-37630 


Fig. 10 — Typical forward transconductance as a function Fig. 11 - Switching Time Test Circuit. 
of drain current for all types. 
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RFD&8P05/05SM 
RFP&PO5 


P-Channel Enhancement Mode Power 


a} HARRIS 


August 1991 Field Effect Transistors (MegaFETs) 
Features Packages 
° -8A. - TO-220AB 
sill TOP VIEW 
* DS(on) = 9.300 2 DRAIN — 
e UIS SOA Rating Curve (Single Pulse) (FLANGE) <= cai 
e SOA is Power-Dissipation Limited | > ne GATE 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


, TO-~51AA 
¢ High Input Impedance TOP VIEW 


2 . J SOURCE 
Description DRAIN 
TAR — 5 DRAIN 
The RFD8P05, RFD8PO5SM and RFP8PO5 p-channel nism Tels. 


power MOSFETs are manufactured using the MegaFET 
process. This process, which uses feature’ sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 


They were designed for use in applications such as Leairstt ~ 
switching regulators, switching converters, motor drivers, _) Ww 
relay drivers, and emitter switches for bipolar transistors. “7 SOURCE Lu 7 
These transistors can be operated directly from integrated DRAIN = O 
circuits. TAB” ] DRAIN < S 

oc 
The RFD8PO5 is supplied in the JEDEC TO-251AA plastic pul GATE 9 hl 
package and the RFD8PO5SM in the TO-252AA plastic as 
package. The RFP8P0O5 is supplied in the JEDEC a. 


Terminal Diagram 


TO-220AB plastic package. 
P-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 


Drain-Source VONaEgS, VOGS ssi ecee ces es 0s ces 6c ses p06 Reon ee es DSRS HS CONSE Ts HO REO ES NTE USEES ORG BESO CS HER He B08 FO H8 -50V 
Disin~Gale Voltas, (es = TM), VOGe sick uctaceac des. cndatSaddns cnn neces dasnskeasseen teens sed eeade hemewsawen den cue wees -50V 
Cig -SOUuree VOUSEG, VAG. cx cscesagranncoeesek baa 66 WHR AeR ERO ERK RHEE LAU e sd SHe BONES ORUNE HKG RN DER TEEOR Sac aOeRE Oe EN NON ERG +20V 
Drain Current: 
ope Ce a a sr vere ee ete ere er errr rT rT eT Te ee eT er Te er rr Tr eer errr -8A 
gD) ETE EERE ER TEER OR COT LETTER UCT CRT ELITE Ee EE ETT CT TIT TE TUTE EE Te eC Te eT Cee -20A 
AVGIENENG CUO, [AG ccc ces cae ws Cea ws ces Od RONEN ee ON HAN EEa dS CERO ee HEE Kee eR RE Ree CORO e es COR eee Res See Figure 2 
Power Dissipation, Pp: 
TPES cad eedentewennnsessueenes sds Fen cnspesnd CaeRedos hdd beeUbedt scsi ahaenns Hbu-4Stonenks kadeese sages bnsahae 48W 
DOO ABTS 4 ccneccencasuasenencwoeded enn beehhoadeednewasseecsas hamdereovedsans Patdedebenebewesos 0.27W/9C 
Operating and Storage Junction 
Temperature Range, 1. (Si Giss ss vccne ces cxwar ons Vea eee astaretue ke dea sede news ee eee ee ewe Hed ee ees weno -§5°9C to +1759C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procdures should be followed. 


File Number 2384 
Copyright © Harris Corporation 1991 
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Specifications RFD&8P05, RFD8PO5SM, RFP&P05 


Electrical Characteristics (Tc = +25°9C) Unless Otherwise Specified 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 0.25 mA, Ves = OV 
Gate Threshold Voltage VGSith Vas =Vps, |p = 0.25 mA 


Zero Gate Voltage Drain Current IDss Vps = -40V, Vas = OV 
Tc = 150°C 


Item | Vop = -25V, Ip = 4A 
WI=WA=OM 
See Figure 12 


LIMITS 
UNITS 


100 


= 
Oo) 
car _ 
< 
= 


BR 1® 
ie Ke) 
= 
< 
= 


nM 

oO 

al 
“< 
42) 
— 


Qag(total VDD = ~40V 
Qg(-10V 

Qolth Vas = 0to -2V 
V(plateau ID = 8A, Vos = -15V 


Vopb = -25V, Ip = 4A, Ru = 6.25 
L=0.2uH,Ig1 =Ig2=0.2A 
Ves clamo :-10V, +0.6V 


Thermal Resistance, Junction to Ambient RogJA TO-220AB | - | 80 | ocw | 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS | MIN | MAX. | UNITS 


Reverse Recovery Time Isp = 8A, djgp/dt = 100A/ps ) = | 125 [ons | 


Vgs = -20V 


Turn-Off Energy Loss per Cycle 


a 
.?) 


DRAIN CURRENT (Id) - AMPS 


100 = - =e aaa a GS = as 
CASE TEMPERATURE (Tc)=25 degC = =e | i ane HH 
19-0 fd “WAX CONTINUOUS SFE ——— J z ; : Ht 
at an ; _ ee 
: | Con 
ont tt LLY Rill 
= 10 = Ni = A eee eras 

1.0 L C ae asin aA (a! ek 
pa ; a ae ee ee i ee ee ee 

= o ae 2 a a) 

| N ee a ae Ee 

i SUT Ht 
—t oh anil 
‘tave(L)(les)/(1.3 RATED dea Vdd) NL aL ee ail 

If R40 NO NO 
tav(L/A) In[(jas4R)/(1/3 |RATED BVdss - ii 5 
1 1 | | tht CSS Base 


-| -10 -100 0.1 1.0 10.0 100.0 
DRAIN-TO-SQURCE VOLTAGE €Vde)d - VOLTS coppers TIME IN AVALANCHE (tav) - MILLISECONDS 


Figure 1 - Safe operating area curve. (Curves must be derated linearly Figure 2 - Unclamped inductive-switching safe-operating-area curve. 
with increase in temperature.) (Single pulse UIS SOA). See Figure 13 for test circuit. 
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DRAIN CURRENT (Id)-AMPS 


NORMALIZED RdsCon) 


ORRIN CURRENT (Id) - AMPS 


RFD&P05, RFD&8PO5SM, RFP&PO5 


25 50 75 100 125 150 


CASE TEMPERATURE (Tc) - degC _— 


Figure 3 - Maximum continuous drain current vs. temperature. 


POWER DISSIPATION MULTIPLIER 


“0 25 50 75 100 125 150 175 
CASE TEMPERATURE (Tc) - degC on 


Figure 4 - Normalized power dissipation vs temperature derating curve. 


PULSE DURATION=80us Tc=25degC 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 
Figure 5 - Typical saturation characteristics. 


60 100 ] 
JUNCTION TEMPERATURE (TJ) - degC — prneegg 


Figure 7 - Normalized rDS(on) vs junction temperature. 
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Vdd=15V 
PULSE TEST 
PULSE DURATION=250us 
DUTY CYCLE=.6% MAX 


ON-STATE ORAIN CURRENT (Id€on)] - AMPS 


-3 - -9 -12 -15 
GATE-TO-SOURCE VOLTAGE (Vgse) - VOLTS VESURPUE 


Figure 6 - Typical transfer characteristics. 


(th)] 
=) 
~~ 
a 


NORMALIZED Bate THRESHOLD VOLTAGE 
gs 


-60 0 60 100 160 200 


JUNCTION TEMPERATURE (TJ) - degC — gnageres 
Figure 8 - Normalized gate threshold voltage. 


P-CHANNEL 
POWER MOSFETs 


NORMALIZED ORAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (8Vdss) - VOLTS 


RFD&P05, RFD&PO5SM, RFP&PO5 


Id=250un 


_ nm 
on oO 
CAPACITANCE (C)-pf 


"-50 0 50 100 150 200 -5 -10 =15 -20 
TORETION TEMPERATURE CTS) —diegl gues: SOURCE-TO-DRAIN VOLTAGE (Vsd)-V 
Figure 9 - Normalized drain source breakdown voltage vs temperature. Figure 10 - Typical capacitance vs voltage. 


-50 
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Fig. 11 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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VDS 
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Figure 12 ~ Resistive switching. 
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RFD&P05, RFD&PO5SM, RFP&P0O5 


VARY t, TO OBTAIN put 
REQUIRED PEAK las 


Rg 


Vop 


an 


BVoss 


UIS Test Circuit UIS Waveforms 


Figure 13 - Unclamped-inductive-switching test. 
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Features 

e -8A, -80V and -100V 

* 'DS(on) = 0.42 

© SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device 


Description 


The RFM8P0O8 and RFM8P10 and the RFP8PO8 and 
RFP8P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 


The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 


RFM8P08/8P10 
RFP&8P08/8P10 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE / (FLANGE) 


TO-220AB 
TOP VIEW 
DRAIN rami 
E——— 
(FLANGE) SOURCE 


Lt 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 


RFM8PO8 

DEIN-SOUIGE VONROS «aks csccss candace ew ixas Vpbs -80 
Drain-Gate Voltage (RG@g =1mN) ............ VDGR -80 
Continuous Drain Current 

FS CONENGOUS i a5 5 60a civeseceenssusedese ID 8 

PUlS6? Drain GUGM 6cccsksiuasecomnsoewoers IDM 20 
GOI SOUES VONEGS 60 csescsnvacdnn eineee nee Vas +20 
Maximum Power Dissipation 

TS OSG cas ciccsasr casas nes neesd osx ads Pp 100 

Above Tc = +259C, Derate Linearly ............. 0.8 
Operating and Storage Junction........... Ty, TStG -55 to +150 

Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 
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D 
G 
S 
RFM8P10 RFP8&PO8 RFP8P10 UNITS 
-100 -80 -100 V 
-100 -80 -100 V 
8 8 8 A 
20 20 20 A 
+20 +20 +20 V 
100 75 75 W 
0.8 0.6 0.6 W/°C 
-55to +150 -55 to +150 -55to+150 Te; 
File Number 1496 


Specifications RFM8P08, RFM8P10, RFP&PO08, RFP&8&P10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 


LIMITS 
TEST RFM8P08 RFM8P10 
Drain-Source Breakdown Voltage BVoss Ip=1 mA -100 V 
Ves=0 
Gate Threshold Voltage Ves(th) Vas=Vps 
Ip= 1mA 
Zero Gate Voltage Drain Current loss Vps=-65 V 
Vps=-80 V 
Tc=125°C 
Vps=-65 V = 
Vos=-80 V — 50 
Gate-Source Leakage Current | Ves=+20 V 100 100 nA 
Vos= 0 
Drain-Source On Voltage IDp=4A -1.6 -1.6 
Ves=-10 V V 
IpD=-8 A -4.0 -4.0 
Ves=-10 V 
Static Drain-Source On Resistance 'ps(on)* Ip=4A 4 4 Q 
Ves=-10 V 
Ip=4A 


_Input Capacitance " | — | 1500 | — | 1500 | 
a | — | 700 | — | 700 | pF 
| — | 30 | — | 300 | E 
aon | 18(typ) | 60 | 18(typ) | 60 | od it 
Rise Time a3 236 
Rgen=Rgs=50 2 aeeetey 0 age z= 
Ves=-10 V | 94(typ) _ 5 & 
Junction-to-Case RFM8P10 9° 


REP8P08, °C/W 
RFP8P10 


“Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


LIMITS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
RFM8P08 RFM6P10 
RFP8P08 RFP8P10 UNITS 


SYMBOL 
Reverse Recovery Time tre lp = 4A 200(typ.) 200(typ.) ns 
dir/dt = 100A/us 


*Pulse Test: Width < 300 ws, Duty Cycle < 2%. 


TEST 


CHARACTERISTIC CONDITIONS 
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RFM8P08, RFM8P10, RFP8&P08, RFP&P10 


100 4] CASE TEMPERATURE (Tc) = 25°C j 
| (CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
4| TEMPERATURE) 


eowecnen 
1] aa eee 
Lp ( MAX.) CONTINUOUS Ee 
esaeis 


>= 
Besse 


OPERATION IN THIS AREA $3 


DRAIN CURRENT (Ip)—A 


Voss (MAX) = 100 V RFM8PIO/RFP8PIO 
Vpss (MAX)= 80 V RFM8PO8/RFP8PO8 


SSG SUSELHHHii SUEEEGEIi SURE ELE SGRMRRREOEL VFI BRGRLLALH tg 
2 4 6 8 2 a 6 8 2 4 6 8 
-| -10 -100 - 
DRAIN-TO-SOURCE VOLTAGE (Vos) —vV 
92CS-37156R1 


Fig. 1 — Maximum operating areas for all types. 


@ 


[Ves(th)] 
° 


POWER DISSIPATION (P7)—W 
a 
°o 
NORMALIZED GATE THRESHOLD VOLTAGE 


(0) 50 100 150 
CASE TEMPERATURE (Tc)—°C JUNCTION TEMPERATURE (Tp—"e 
92CS-37147 92CS- 37148 
Fig. 2 — Power dissipation vs. case temperature derating Fig. 3 — Typical normalized gate threshold voltage as a function 
curve for all types. of junction temperature for all types. 


Vos “l0V 

PULSE TEST 

PULSE DURATION = 80 uS 
DUTY CYCLE <2% 


—— TTT ooo 
Ip*4A FOOT 
on s 
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NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 


-50 fo) 50 100 150 200 
JUNCTION TEMPERATURE (Ty)— °C GATE -TO-SOURCE VOLTAGE (Vg5)—V 
92cs- 37149 92CS-37150 
Fig. 4 — Normalized drain-to-source on resistance to junction Fig. 5 — Typical transfer characteristics for all types. 


temperature for all types. 
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RFM8P08, RFM&P10, RFP&P08, RFP&P 710 


PULSE TEST 
24| PULSE DURATION =80 24S 
DUTY CYCLE <2% 
CASE TEMPERATURE (Tc) = 25% 


Ig (REF) = 0.92 mA 


Ves = -10 V s—S 


12 
Ves? 8V 


Vps — Volts 


Ves — Volts 
DRAIN CURRENT (Ip)—A 


i\ 


Ig (REF) Ig (REF) 0 -I -2 


-4 -§ -6 -7 


-3 
1g (ACT) 8075 (ACT) DRAIN -TO-SOURCE VOLTAGE (Vps)—V 
TIME — Microseconds aocearaat 92CS-37152 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260. 


Ves 210 V 

PULSE TEST 

PULSE DURATION =80 pS 
DUTY CYCLE s 2% 


WwW 
oO 
& 
4 HH 
pk | cs 
n a a 
Ww a 
x E H | 
zs Ct ry 
a ee: wu ” 
eS O2H Z iT 
ro) =z 
5% oH = J i 
a Hy 3 Lu 
1 a < Y) 
rss H < > oO 
2 H ° {t~= 
Fs : = 
: x 
H Ow 
I J 
: as 
° 2 4 6 8 10 12 14 16 18 20 0 10 20 30 40 50 60 oO 
DRAIN CURRENT (Ip)—A DRAIN- TO-SOURCE VOLTAGE (Vpg)—V o. 
92CS- 37153 92CS-37154 
Fig. 8 — Typical drain-to-source on resistance as a function Fig. 9 — Capacitance as a function of drain-to-source 
of drain current for all types. voltage for all types. 
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Fig. 10 — Typical forward transconductance as a function Fig. 11 — Switching Time Test Circuit. 
of drain current for all types. 


5-169 


i HARRIS 
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Features 

e -10A, -120V and -150V 

* (DS(on) = 0.52 

© SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The RFM10P12 and RFM10P15 and the RFP10P12 and 
RFP10P15 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 


The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 


RFM10P12/10P15 
RFP10P12/10P15 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE ef (FLANGE) 
a 
GATE 
TO-220AB 
TOP VIEW 
DRAIN ——4 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


JEDEC TO-220AB plastic package. D 
G 
Ss 
Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
RFM10P12 RFM10P15 RFP10P12 RFP10P15 UNITS 
Drain-Source Vollage .<.sssiscsavss xe enema wes Vos -420 -150 -120 -150 V 
Drain-Gate Voltage (RGsg =1MN)............ VDGR -120 -150 -120 -150 V 
Continuous Drain Current 
RMS COMIAGOUS cccccccnccavanen ta nnnnn wen as ID 10 10 10 10 A 
Pulsed Drain Current oi csccscccccassasscacens IDM 30 30 30 30 A 
[SGIS-SOUICE VOUAOS 2s ixcersecrese nace ens ons Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
fictoGs. a TEETETTE TET ETE TELE LEER CEEOL Pp 100 100 73 75 W 
Above Tc = +259C, Derate Linearly ............. 0.8 0.8 0.6 0.6 W/°C 
Operating and Storage Junction........... Ti Tst] -55 to +150 -55 to +150 -55 to +150 -55 to +150 © 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. File Number 1 59 5 
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Specifications RFM10P12, RFM10P15, RFP10P12, RFP10P15 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25° C) unless otherwise specified 


LIMITS 


TEST 
CONDITIONS 


RFM10P12 
RFP10P12 


RFM10P15 
RFP10P15 


CHARACTERISTIC SYMBOL 


Drain-Source Breakdown BVopss aw =1mA -120 
Gate-Threshold Voltage Vesitn) Ves = pa 
Zero-Gate Voltage Drain Vos = -100 V 


= 125°C 
—_ = -100 V 
Vos = -120 V 


Current 


Gate-Source Leakage Current 


Drain-Source On Voltage Vosiom IDb=5A 


Ves =-10V 
ln=10A 
Ves =-10V 


Static Drain-Source On 'psion@ ID=5A 
Resistance Ves = -10 V 
Forward Transconductance 


om 
Cr 


Vos = -10 V 


IDp=5 


Ves = +20 V aT 100 
Vos = 
= 
| = 
| — | 
Eee 


Vos = -75 V 
lb=5A 4(typ) 150 or 150 


138(typ) 
100 


1(typ) 


Ren = Ros = 502 


Ves = -10V 


Thermal Resistance a | aoe | fetes 
Junction-to-Case | aoe | 
a 
a o | | ter 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


RFM10P12 RFM10P15 
TEST CONDITIONS RFP10P12 RFP10P15 


Reverse Recovery Time le = 4A, die/d: = 100 A/us 210 (typ.) 210 (typ.) 


@ Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


CHARACTERISTIC SYMBOL 
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rr) 
th 
7 iL 
= 
>O 
t= 
pm 

Oi 
O.. 

Oo 
QO. 


RFM10P12, RFM10P75, RFP10P12, RFP10P15 


100. |CASE TEMPERATURE(Tc )= 25°C 
(CURVES MUST BE DERATED 
6} LINEARLY WITH INCREASE 
IN TEMPERATURE) 


Ip (Maxi CONTINUOUS Wis 
seeinicen a: 


DRAIN CURRENT(Ip)-A 


+1 ; Ht mnt om 
| Sessa tnetiiiitisessetetiiinee ee cect DOUGRODesteniitaecentet 
OBS 100000111) BU BON C000) 111) DORA SS Fl MBSA RTRAS LAcd i eeeees 


DRAIN-TO-SOURCE VOLTAGE (Vps)—-V_ _ 92CM-38278 


Fig. 1 - Maximum safe operating areas for all types. 


RFMIOPI 
RFMIOPI5 


C Vgs(th)] 


RFPIOPI2 
RFPIOPIS5 


POWER DISSIPATION (PT)— 
b 
° 


NORMALIZED GATE THRESHOLD VOLTAGE 


) 50 100 150 
CASE TEMPERATURE (Tc)-°C JUNCTION TEMPERATURE (T))—°C 
92CS—38279 92CS-3827! 
Fig. 2 - Power dissipation vs. case temperature derating curve for Fig. 3 - Typical normalized gate threshold voltage as a function of 
all types. junction temperature for all types. 


PULSE TEST 
PULSE DURATION= 80 us 

DUTY CYCLE<2% 

b +4 CASE TEMPERATURE (Te )=-40°C sa, Pe ro) si259ch 
H SSER KSA O SHER BR es Sane/ ‘iu fin (Tc)= 125°C 


fon] 
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ec 
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~~ 
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yas 
aq 
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NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 


A N 
a nee Aga tt Te)= - 40° Cc 
SESSeens eeneegese~ 
-50 Q 50 100 150 ie) =i -2 -3 -4 -5 -6 =—— -8 -9 -10 
JUNTION TEMPERATURE (Ty )—°C GATE-TO-SOURCE VOLTAGE (Vgs)~ V 
92CS-38276 92CS-38277 
Fig. 4 - Normalized drain-to-source on resistance as as function Fig. 5 - Typical transfer characteristics for all types. 


of junction temperature for all types. 
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Vos- VOLTS 


RFM10P12, RFM10P15, RFP10P12, RFP10P15 


32]PULSE TEST 
lo PULSE DURATION =80ys 
2g|DUTY CYCLE < 2% 
CASE TEMPERATURE (Tc) =25°C 


GATE 

SOURCE 8 ” 

VOTAGE ; 

“a 

R_7'5a H 

1g (REF)= 0.84mA ” = 

7 cr 

0.75 Voss 2 « 

0-50 Voss s 3 

0-25 Voss = 

. < 

a 

i=) 

2 
0 -| -@ -3 -4 -5 -6 7 -6 -9 -10 
DRAIN TO SOURCE VOLTAGE (Vpg)—V 
a | g 92CS-38272 
gr Ig (REF) 
Ig (ACT) —<_—_ 
. TIME-MICROSECONDS 1g (ACT) 
92CM-38280 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260. 
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PULSE TEST 
PULSE DURATION =80ys 
DUTY CYCLE < 2% 


0.6 EEE eee 


[rpg (ond) - OHMS 


re 
a 
| 
Oo 
Ww 
Oo 
2 
< 
Ee 
rs) 
< 
a 
< 
Oo 


” 
th 
ay Ue 
=» 
=O 
{t= 
i 

o i 
a. 

re) 
ee 


WJ 
oO 
z 
< 
~ 
no 
"2) 
WW 
4 
=z 
oO 
ry) 
oO 
4 
> 
oO 
” 
' 
oO 
e 
' 
2 
<q 
x 
[=) 
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DRAIN CURRENT (Ip)—A DRAIN-TO- SOURCE VOLTAGE (Vps5)—V 
WEES-S8STS 92CS- 38274 
Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage for 
drain current for all types. all types. 


= Vps =~ !0V ae ISV 
PULSE TEST 


VD 
TO SCOPE 


KELVIN 
CONTACT 


FORWARD TRANSCONDUCTANCE (gfs)mho 


= 92CS -3828) 


RAIN CURRENT (Ip)-A 


92CS-38275 


Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 
current for all types. 
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August 1991 


Features 

e -12A, -80V and -100V 

* 'DS(on) = 0.32 

© SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device 


Description 


The RFM12P08 and RFM12P10 and the RFP12P08 and 
RFP12P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 


The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 
TO-204AA 
BOTTOM VIEW 
DRAIN 
SOURCE / (FLANGE) 


GATE 
TO-220AB 
TOP VIEW 
DRAIN =| 
EE 
(FLANGE) SOURCE 
| i DRAIN 
L. => GATE 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


Copyright © Harris Corporation 1991 
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JEDEC TO-220AB plastic package. D 
G 
Ss 
Absolute Maximum Ratings (Tc = 25°C) Unless Otherwise Specified 
RFM12P08 RFM12P10 RFP12P08 RFP12P10 UNITS 
DIGih-SOUICE VONEGS 5 xancv0se tusceciucwawes us Vps -80 -100 -80 -100 V 
Drain-Gate Voltage (RG@sg =1mN) ............ VDGR -80 -100 -80 -100 V 
Continuous Drain Current 
AMS COOINUOUS « scvcesaxekerrdadadeeeon bens Ip 12 12 12 12 A 
Pulsed Drain Current sis ccce oss van we vam nee IDM 30 30 30 30 A 
Gaie-SOUrce VONARS «neu ca sice navte sence teas Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
Til FEBPS 622s ceeesseneesesasseasscasnens Pp 100 100 75 75 WwW 
Above Tc = +259C, Derate Linearly ............. 0.8 0.8 0.6 0.6 W/°C 
Operating and Storage Junction ........... Ty, TSTG -55to+150 -55to+150 -55to+150 -55to+150 oC 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 495 


Specifications RFM12P08, RFM12P10, RFP12P08, RFP12P10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (T-)=25° C unless otherwise specified. 


TEST 
CHARACTERISTICS SYMBOL CONDITIONS 


Drain-Source Breakdown Voltage BVoss lb>=1 mA 
Voes=0 
Gate Threshold Voltage Ves(th) Voes=Vps -2 
Ip=1 mA 


Zero Gate Voltage Drain Current Vos=-65 V 
Vps=-80 V 
Tc=125°C 
Vps=-65 V 
Vps=-80 V 


Gate-Source Leakage Current 


Drain-Source On Voltage 


Static Drain-Source On Resistance 
Voes=-10 V 


Forward Transconductance . Vps=-10 V 


Turn-Off Delay Time tg(off) Rgen=Rgs=50 Q 


Fall Time Ves=-10 V 


RFP12P08, 
RFP12P10 


Thermal Resistance RFM12P08, 1.25 L225 
Junction-to-Case RFM12P10 


“Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


TEST 
CHARACTERISTIC SYMBOL. | ence rons 


Diode Forward Voltage 


Reverse Recovery Time tr dic/d)=100 A/ps 
“Pulse Test: Width < 300 ws, duty cycle = 2%. 


I-=4 A 


S-175 


LIMITS 


RFM12P10 
RFP12P10 


RFM12P08 
RFP12P08 


-100 


1500 
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0 300 


300 
| 18(typ) | 60__| 18(typ) | 60 
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LIMITS 
RFM12P08 RFM12P10 
RFP12P08 RFP12P10 
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RFM12P08, RFM12P10, RFP12P08, RFP12P10 
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DRAIN-TO-SOURCE VOLTAGE (Vps) — V 
92CS- 37106R1 
Fig. 1 — Maximum Safe operating areas for all types. 


Ves*Yps : 
Ip=l mA 


[Ves (th)] 


NORMALIZED GATE THRESHOLD VOLTAGE 


0 50 100 150 -50 0 50 100 200 
CASE TEMPERATURE (Tc) -°C JUNCTION TEMPERATURE (Ty)—°C 
92CS- 37107 92CS-S7i1IS 
Fig. 2 — Power dissipation vs. case temperature derating Fig. 3 — Typical normalized gate threshold voltage as a function 
curve for all types. of junction temperature for all types. 
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PULSE TEST 


PULSE DURATION=80yuS 
DUTY CYCLE <2% 
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of junction temperature for all types. 
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RFM12P08, RFM12P10, RFP12P08, RFP12P10 


PULSE TEST 
PULSE DURATION =80 yS 
DUTY CYCLE S2% 


GATE 
CASE TEMPER 
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VOLTAGE 


Yoo = Yoss 
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Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 
Refer to Harris application notes AN-7254 and AN-7260. 
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DRAIN CURRENT (Ip)—A ~ 92CS-37383 
G2CH=37 13 
Fig. 10 — Typical forward transconductance as a function Fig. 11 — Switching Time Test Circuit 


of drain current for all types. 
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i? HARRIS RFD15P05/05SM 
RFP15P05 


P-Channel Enhancement Mode Power 


May 1992 Field Effect Transistors (MegaFETs) 
Features Packages 
a _ TO-220AB 
TSA, -SOV TOP VIEW 


EE 
¢ UIS SOA Rating Curve (Single Pulse) (FLANGE) ns RAIN 
¢ SOA is Power-Dissipation Limited L, GATE 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


, TO-251AA 
® High Input Impedance TOP VIEW 


Description SOURCE 
‘ DRAIN, ay 
The RFD15P05, RFD15PO5SM and RFP15P05 p-channel pee 


power MOSFETs are manufactured using the MegaFET 
process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 


They were designed for use in applications such as estan 
switching regulators, switching converters, motor drivers, 
relay drivers, and emitter switches for bipolar transistors. -"“T] SOURCE 
These transistors can be operated directly from integrated DRAIN 
circuits. TAB” _] DRAIN 

— 1) GATE 
The RFD15P05 is supplied in the JEDEC TO-251AA plastic 


package and the RFD15PO5SM in the TO-252AA plastic 
package. The RFP15P0O5 is supplied in the JEDEC 


TO-220AB plastic package. Terminal D peaerasT 


P-CHANNEL ENHANCEMENT MODE 


D 
: 
S 
Absolute Maximum Ratings (TC = 25°C), Unless Otherwise Specified 
ERT OUIOe VONAGS, VIG s icn0s ve eed Kaede Ns Fee Sea tO DENT DEORE KE HORE MELHOR HANES ER ORE IOs REN a Re wee Ek ER DOE KER ERE -50V 
Drain-Gate Voltage, (Raq = TMD), VOGR ai vs ics ven ces censivedses cnees nes ced onsan see es UES ee eR ON EES Ee Ee ote Re eRe ERE ES ORs -50V 
Gele-SOUrEs VONEGG, VEE sice sie i5y dete oes bee rds Heer heen S Disa ewaee HON Bde OH ARON SEE 046 08 OR 080k SAN EREA NE EE Dea dounE +20V 
Drain Current: 
RMS Continua, ly «ps.ccvces es vio cere ace nes cen Seana sess ewen ened Hae Nae ed Oe ene HES Re ae ce One KEEN Ewe oes HERO oe -15A 
glo Ms) ee ee Te Te eT err erry rey eT rr err TT rrr Tr Tre Teer er eT er Te TT eT Te eT re Cree re rer ee re ere -40A 
PUGIENENS CUITEAL, [ABs ci sc0ces ne een woke sad ee nd hee Dee TRE Das nde He Od Oew ke eRe NER eR HOE ONNOR A eR ER Re CoE Re See Figure 2 
Power Dissipation, Pp: 
fet. mee eer Tere ere Tee TET eT TTT ITrerTeTrer rT TreerTeryverrer tere Tire ire ee ee 80W 
Dee FONG TG PACES onc nsdan notes nhenbuee end 0en 00s don ber ed Ob4Es bee REDETEGAGE RES DRONES UOTE EE ESA SORES ORaNE 0.533W/°C 
Operating and Storage Junction 
Temperature Fangs, 1), (Ais cxndnct end ee nck endondece nh cet Heece e OK Red Ee ee eae Red EN eR E One RA wade Renades ne a -550C to +1759C 
CAUTION: These devices are sensitive to electrostatic discharge. Proper !.C. handling procdures should be followed. File Number 2387 1 
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Specifications RFD15P05, RFD15PO5SM, RFP15P05 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 0.25 mA, Ves = OV 
Gate Threshold Voltage VGSith Vas =Vps, |p = 0.25 mA 


Zero Gate Voltage Drain Current IpDss Vps = -40V, Vas = OV 
To = 150°C 


re GS (clamp): ~10V, +0.6V 


RL=3.an | = | s0tty) | ns 


20 (typ) 


rating 


Turn-Off Energy Loss per Cycle Vpp = -25V, Ip = 7.5A, Ry = 3.3329. 
L=0.2ypH,Ig1 =Ig2 =0.4A 
VGS (clamp): ~10V, +0.6V 


Thermal Resistance, Junction to Case Resc TO-220AB, TO-251AA, TO-252AA 
Thermal Resistance, Junction to Ambient RoJA TO-251AA, TO-252AA 


TO-220AB 
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Source-Drain Diode Ratings and Characteristics 


LIMITS 
CHARACTERISTICS 


Diode Forward Voltage 


Reverse Recovery Time 


las-AMPS 


DRAIN CURRENT (Id) - AMPS 


A Vee | TT 
oy Ay TE 


- -10 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS TIME IN AVALANCHE (tav) - MILLISECONDS 


8 


Figure 1 - Safe operating area curve. (Curves must be derated linearly Figure 2 - Unclamped inductive-switching safe-operating-area curve. 
with increase in temperature.) (Single pulse UIS SOA). See Figure 13 for test circuit. 
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DRAIN CURRENT (Id) - AMPS 


DRAIN CURRENT (id)-AMPS 


NORMALIZED RdsCon) 


RFD15P05, RFD15PO5SM, RFP15P05 


2 50 75 100 125 150 175 
CASE TEMPERATURE (Tc) - degC 


Figure 3 - Maximum continuous drain current vs. temperature. 


PULSE DURATION=80us Tc=25degC 


DRAIN-TO-SOURCE VOLTAGE (ds)-V 


Figure 5 - Typical saturation characteristics. 


PULSE DURATION=250us Vge-10V Id=I5A 


*-50 0 50 100 150 200 
JUNCTION TEMPERATURE (TJ) - degl pipes 


Figure 7 - Normalized rDS(on) vs junction temperature. 


POWER DISSIPATION MULTIPLIER 


“Oo 25 50 75 100 125 150 175 
CASE TEMPERATURE (Tc) - degC 


Figure 4 - Normalized power dissipation vs temperature derating curve. 


Vdd=15V 


ON-STATE ORAIN CURRENT CId(€on)] - AMPS 


GATE-TO-SOURCE VOLTAGE (Vge) - VOLTS 


Figure 6 - Typical transfer characteristics. 


YVge=Vde I[d=250uA 
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NORMALIZED SATE THRESHOLD VOLTAGE 
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JUNCTION TEMPERATURE (Tj) - degC GTHIEPOS 


Figure 8 - Normalized gate threshold voltage. 
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NORMALIZED ORAIN-TO-SOURCE 


RFD15P05, RFD15PO5SM, RFP15P05 
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Figure 9 - Normalized drain source breakdown voltage vs temperature. 
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Figure 10 - Typical capacitance vs voltage. 


RL=3.33 OHMS 
REF 0.6mA 
Vgs=l0V 


Vdd= Vdss 


Vgs-VOLTS 


0 Ig(REF) 
Ig(ACT) 


Fig. 11 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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Switching Waveforms 


Figure 12 - Resistive switching. 
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Vgs=0V FREQUENCY (f=1MHz 
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Vos 


VARY t, TO OBTAIN 
REQUIRED PEAK Iss sai 


Rg 


BVoss 


UIS Test Circuit UIS Waveforms 


Figure 13 - Unclamped-inductive-switching test. 
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Gt HARRIS 


RFH25P08/25P10 


RFK25P08/25P10 


August 1991 


Features 

e -25A, -100V and -80V 

® DS(on) = 0-152 

e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 


© High Input Impedance 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Packages 


TO-218AC 
TOP VIEW 


® Majority Carrier Device TO-204AE 

BOTTOM VIEW 

DRAIN 

Description eee / (FLANGE) 
The RFH25P08 and RFH25P10 and the RFK25P08 and ‘O- 
RFK25P10 are p-channel enhancement-mode silicon gate O O 
power field-effect transistors designed for applications = 
such as switching regulators, switching converters, motor GATE 


drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 


The RFH series types are supplied in the JEDEC 
TO-218AC plastic package and the RFK series types in the 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


P-CHANNEL 
POWER MOSFETs 


JEDEC TO-204AE steel package. D 
G 
Ss 
Absolute Maximum Ratings (TC = 25°C) Unless Otherwise Specified 
RFH25P08 RFH25P10 RFK25P08 RFK25P10 UNITS 
Drain-Source VONAGS sass ccseussns ca nw van ne Vos -80 -100 -80 -100 V 
Drain-Gate Voltage (R@g =1mN)) ............ VDGR -80 -100 -80 -100 V 
Continuous Drain Current 
AMS GOntnuaus is ncdvesvansenssaverereeaw as Ip «25 -25 -25 “25 A 
Pulsed Drain Current << os inns avvassareccscens lDM -60 -60 -60 -60 A 
Gale-SOUrce VORAIE ccs cnvsnn cennens nae exe ne Ves +20 +20 +20 +20 V 
Maximum Power Dissipation 
TUES o1260a dns redaend as tesanaeedecenes Pp 150 150 150 150 W 
Above Tc = +259C, Derate Linearly ...........+. 1.2 1.2 1.2 12 W/°C 
Operating and Storage Junction ........... Ty, TSTG -55 to +150 -55 to +150 -55 to +150 -55 to +150 oC 
Temperature Range 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. File Number 1 632 
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Specifications RFH25P08, RFH25P10, RFK25P08, RFK25P10 


Electrical Characteristics (Tc = 25°C), Unless Otherwise Specified 


TEST 
CHARACTERISTIC SYMBOLS CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1.0mA, Vas =0 
Gate Threshold Voltage VGS(th) Ves =Vps:!p = 1mA 


Zero-Gate Voltage Drain Current IpDss 
Vps = -80V 
To = 125°C 
Vps = -65V 


Gate-Source Leakage Current Ioss Ves = +20V, Vps =0 


Roen=Ras=s0n 


Thermal Resistance Junction-to-Case 


Drain-Source On-Voltage VDS(on) Ip = 12.5A, Vgs = -10V 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFH25P08 RFH25P10 
TEST RFK25P08 RFK25P10 
CHARACTERISTIC SYMBOLS CONDITIONS UNITS 


DioceFowardvotoge «digo gpestase id me | om 


Diode Reverse Recovery Time IF=4A 
djF/dt = 100A/ps 


** Pulsed test: Width < 300us, duty cycle < 2%. 
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RFH25P08, RFH25P10, RFK25P08, RFK25P10 


100 ,| CASE TEMPERATURE(Tc)= 25°C 3 
(CURVES MUST BE DERATED 

LINEARLY WITH INCREASE 
IN TEMPERATURE) 
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Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power dissipation vs. temperature derating curve for all Fig. 3 - Typical normalized gate threshold voltage as a function of 
types. junction temperature for all types. 
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PULSE TEST 
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ON- STATE -ORAIN CURRENT (Ip (on)}—-A 
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Coot Tsar 
-2 3 
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92CS-37243 
92CS- 37242 
Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFH25P08, RFH25P10, RFK25P08, RFK25P10 


PULSE TEST 
PULSE DURATION: 80ys 
DUTY CYCLE < 2% 

CASE TEMPERATURE Ue = 25°C 
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_ as 
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| i I = 
6 0.25 Voss 2 re 
> > x 
5 
° at ae Eola 
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20'S pre Ig (REF) 486° ~ _.cebue 6006060660006 V, = —4V 
80 ——_———_ H osaSSSS2232333 Hy GS 
Te men 's eM ’ a 
TIME — Microseconds 0 -| =2 -3 -5 -6 —— 
—— DRAIN- TO- SOURCE VOLTAGE (Vpg)- V 
92CS-37245 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage for 


drain current for all types. all types. 
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Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 


current for all types. 
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at HARRIS RFG3OPO5 
RFPSOPO5 


P-Channel Enhancement Mode Power 


August 1991 Field Effect Transistors (MegaFETs) 
Features Packages 
_ _ TO-220AB 
30A, -SOV TOP VIEW 


* rDS(on) = 9.065 2 


¢ UIS SOA Rating Curve (Single Pulse) (FLANGE) —— 
* SOA is Power-Dissipation Limited L, Se GATE 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance oe 

¢ 175°C Operating Temperature ie ome SOURCE 
Description — ————— DRAIN 
The RFG30P05 and RFPS3OPO5 p-channel power i™ et GATE 


MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those 


of LSI integrated circuits, gives optimum utilization of ‘ ‘ 
‘ : Terminal Diagram 


silicon, resulting in outstanding performance. They were = 
designed for use in applications such as_ switching P-CHANNEL ENHANCEMENT MODE 3 Ww 
regulators, switching converters, motor drivers, relay = a 
drivers, and emitter switches for bipolar transistors. These D zO 
transistors can be operated directly from integrated circuits. = = 
The RFG3OP0O5 is supplied in the JEDEC TO-247 plastic q 2 
package and the RFP30PO5 in the TO-220AB plastic re) 
package. G a. 
S 

Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
Drei SO0rGe VUES, ViGSG ccs sxccs cadens des tewes NESE RSs ONew SHEER ARR CUN EHS DSO des PRN eedee eed ee seen weeks ness -50V 
Drain-Gate Vollage, (AGG = TMS1), VOGR cose rcs se056 00600 cee Kees snse Re i seSeOss O58 KOMEN CCE SE KES eRTeN ReTES OO es cae seN news -50V 
RIO SCS VOUROS, VES. cons canine ccdnw mag cas bswos neds’ one cdSR ease ASRS AEEwS ORE RR OEs RRO LE RES SEDEEEESUS EEC OR HERESE NES +20V 
Drain Current: 

AMS Continue, 6) csacxess aceon enced eee ces oe eskn sae 600 CERO Ree OReOSENORKds KOREN KEK Ke DORR EEbN SR RES CSET SR EaNER Teme -30A 

PUISEC, IB idinn sd <54 64060-40600 0609889484404 NEENT 186 HONE EOE EEO RO ENN OTE STN OTH EED FRR O HADES CANES ENE CORTE SRA SE HOD ORE -75A 
Single Pulse Avalanche Rating, Refer to UIS SOA Curve 
Power Dissipation, Pp: 

TESS ii ancncarcsumscnswenand earns vee duets anandarnudesesusenceauequnnecusckd uubes ved etaknwsandgienkdensun ben 120W 

Derats Above Te @ 48596 oo cicias cain acecs osancasd 00s i555s RUN RRHESR ES SS eR RENE RE He8ns FeRHE REED emES HESKE ReREs OHS oH8 0.8W/°C 
Operating and Storage Junction 
Temperature hangs, 1), (Si Give can in cxcsdncavenesasevewsa sdavescensccureectumemban Sedce teres Seu eeehe tease een xes -55 to +175°9C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procdures should be followed. File Number 94 36 
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Specifications RFG30P05, RFP30P05 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified 


LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS | MIN | MAX. | UNITS 
V 


10 


eo) 


Vpp = -25V, Ip = 15A 

Ig1 =Ig2=0.8A 

VGS (clamp): —10V, +0.6V 
RL = 1.672 


—_ 
oi 
~~ 
Zz 
2 


t 


Turn-Off Energy Loss per Cycle VopD = -25V, Ip = 15A, RL = 1.6792 
L=0.2yH,Ig1 =Ig2 =0.8A 
Ves clamp): = OV, +0.6V 
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nD 
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ioe) 
Ss 


Thermal Resistance, Junction to Case Rec 
Thermal Resistance, Junction to Ambient RgJA 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Tepscoa SSCS 


Isp = 30A, djsp/dt = 100A/ys 150 


Diode Forward Voltage Vsp 
tr 


Reverse Recovery Time 


Cc 
=D 


Si: TEMPERATURE (Tc)=25 degC 
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Figure 1 - Safe operating area curve. (Curves must be derated linearly Figure 2 - Unclamped inductive-switching safe-operating-area curve. 
with increase in temperature.) (Single pulse UIS SOA). See Figure 13 for test circuit. 
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RFG30P05, RFP3OP05 
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Figure 9 - Normalized drain source breakdown voltage vs 


junction temperature. 
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Figure 10 - Typical capacitance vs voltage. 
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Figure 11 - Normalized switching waveforms for constant gate current. 
(Refer to application notes AN-7254 and AN-7260.) 
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Figure 12 - Resistive switching. 
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Figure 13 - Unclamped-inductive-switching test. 
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Features 

e -30A, -60V 

* rDS(on) = 9.075 2 

e UIS SOA Rating Curve (Single Pulse) 
e SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

e High Input Impedance 

¢ 175°C Operating Temperature 


Description 


The RFG30PO06 and RFPSOPO6' p-channel power 
MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those 
of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as_ switching 
regulators, switching converters, motor drivers, relay 
drivers, and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. 


The RFGS3OPO6 is supplied in the JEDEC TO-247 plastic 
package and the RFP3OPO6 in the TO-220AB plastic 
package. 


RFG30P06 
RFPSOPO6 


P-Channel Enhancement Mode Power 
Field Effect Transistors (MegaFETs) 
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Specifications RFG30P06, RFP30P06 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified 


SYMBOLS 


Drain-Source Breakdown Voltage BVpss ID = 0.25 mA, Vas = OV 
Gate Threshold Voltage VGSi\th Vas=Vps; Ip = 0.25 mA 


MIN | 

= , es 

Zero Gate Voltage Drain Current IpDss | Vps=-40V7,Vgg=ov. i sisdT | 
potent PE tee 
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aed 


CHARACTERISTICS TEST CONDITIONS 
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— 
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gt =1o2 = 0.8 si | - 
Prisetime SC™~—“—~id Cd 2a(ye| 
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Total Gate Charge Qaitotal Vas =O0to-20V | Vpp =-48V 
=010- 


e) 
Gate Charge at -10V Qqi-10V Ves =O0to-10V 
Threshold Gate Charge Ves = Oto -2V 
Plateau Voltage Ip = 30A, Vps = -15V 


Turn- Off Energy Loss per Cycle Vpp = -S0V, Ip = 15A, Ru = 2.02 
L=0.2uH,1g1 =Ig2 =0.8A 
Ves clamp): = OV, +0.6V 
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Source-Drain Diode Ratings and Characteristics 


LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS | MIN | MAX. | UNITS 
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Figure 1 - Safe operating area curve. (Curves must be derated linearly Figure 2 - Unclamped inductive-switching safe-operating-area curve. 
with increase in temperature.) (Single pulse UIS SOA). See Figure 13 for test circuit. 
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RFG30P06, RFP30P06 
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Figure 3 - Maximum continuous drain current vs case temperature. 
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Figure 7 - Normalized on-state resistance vs 
junction temperature. 
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Figure 4 - Normalized power dissipation vs case temperature. 


Vds=-15V 


ON-STATE DRAIN CURRENT [CId(on)] - AMPS 


0 -2 -{0 -l2 
GATE-TO- eouRee va ae etans - VOLTS 


Figure 6 - Typical transfer characteristics. 


Ygs=Vds_ I[d=250ufA 


8 


(th)] 
° 
rT 
a 


NORMALIZED gis THRESHOLD VOLTAGE 
gs 


-50 0 50 100 150 200 
JUNCTION TEMPERATURE (Tj) - degC 


Figure 8 - Normalized gate threshold voltage vs junction temperature. 
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Figure 9 - Normalized drain source breakdown voltage vs 
junction temperature. 


Figure 10 - Typical capacitance vs voltage. 
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Figure 11 - Normalized switching waveforms for constant gate current. 
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Figure 12 - Resistive switching. 
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Figure 13 - Unclamped-inductive-switching test. 
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M HARRIS RFG60PO05E 
RFG60POGE 


P-Channel Enhancement-Mode Power 


January 1994 Field-Effect Transistors (MegaFETs) 
Features Package 
¢ RFG60PO5E = -60A, -50V, 'DS(on) = 0.0262 TO-247 
TOP VIEW 


¢ RFG6OPOGE = -60A, -60V, rps(on) = 0.0302 


¢ Electrostatic Discharge Rated 


DRAIN 
e UIS SOA Rating Curve (Single Pulse) (TAB) a ———————> SOURCE 
© SOA is Power-Dissipation Limited | oon DRAIN 
e Nanosecond Switching Speeds o™ anes Fo re 


e Linear Transfer Characteristics 
¢ High Input Impedance 


© 175°C Operating Temperature Tien taal Diagram 


Description P-CHANNEL ENHANCEMENT MODE 
The RFG6OPOS5E and RFG6O0PO6E p-channel ESD rated D 

power MOSFETs are manufactured using the MegaFET 
process. This process, which uses feature’ sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and emitter switches for bipolar transistors. 
These transistors can be operated directly from integrated Ss 
circuits. 


The RFG6OPOS5E and RFG60POG6E are supplied in the 
JEDEC TO-247 plastic package. 
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Absolute Maximum Ratings (Tc = 25°C), Unless Otherwise Specified 
RFG60PO5E RFG60PO6E UNITS 


Drain=Goures Voltage ciccssccccve ct came css aneniearees esmeversesanes ane Vpss -50 -60 V 
Diain=Gale VONSOS(A GS = TEE) 6 scik ane wee nce cee ntnsenewer cnennn nea we VDGR -50 -60 V 
Continuous Drain Current 
RMS Conhnuous oc: cccccadc scsvesve races ave ree et mnweesen Was Eee ReweHas as Ip -60 -60 A 
Poised Digi CUMGIW «sc acnvecnscas dessa sce sessed qewas pads csneensecesedes IDM -150 -150 A 
Geler Source VORSOe onssscececcesinnd bowen nde nee nee ee nde cree e deed enus Vas +20 +20 V 
Electrostatic Discharge Rating ascsccccccasseesevnnedans ime ie tone ee wows Esp 2 2 KV 
MIL-STD-883, Category B(2) 
Single Pulse Avalanche Rating (Refer to UIS SOA Curve) 
Maximum Power Dissipation 
Lis ede OO eT eT eT ee ee Tere eT ee eee Te eer eT Te Tee ere Ce eT eee Pp 190 215 W 
Above To = +25°C, Derate Linearly 2. .0.0c000cee svcsscncs cases seans ena scans 1.27 1.43 W/°C 
Operating Grd StoragS MUNCHON asin ce ence 2st sheen tee ee Reenter neas Ty TSTG ~55to+175 -55to+175 °C 
Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications RFG6OPO5E 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 0.25 mA, Ves = OV 


= V 


< 


oO 


= it 
>|> 


Zero Gate Voltage Drain Current Vos = -40V, Ves = OV 
Tc = 150°C 


Gate-Source Leakage Current less Vas =+20V 
Static Drain-Source on Resistance ID = 60A, Vas = -10V 


Vop = -25V, Ip = 30A 


Turn-On Delay Time Ig1 =Ig2 = 2.0A 


VGS (clamp): -10V, +0.6V 
Rise Time GS (clamp) 


[RiseTime | «L = 0.830 
Turn-Off Delay Time 
Fall Time ae 


Qg(total Vas =0to-20V | Vpp =-40V 
Qg(-10V Vas = 0to-10V 
Qgith Vas =0to-2V 


Viplateau ID = 60A, Vps = -15V 
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= 8 pe b=: 
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= 


Turn- Off Energy Loss per Cycle Eott Vopb = -25V, Ip = 30A, RL = 0.839 300 J 
L=0.2yH,1Ig1i =Ig2 =2.0A 
Ves clamp): -1 OV, +0.6V 

Thermal Resistance, Junction to Case Roc 0.79 OC/W 


Thermal Resistance, Junction to Ambient RaJA 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Diode Forward Voltage Isp = 60A 
Reverse Recovery Time Isp = 60A, digp/dt = 100A/ps 


LIMITS 
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Specifications RFG6GOPOGE 


Electrical Characteristics (Tc = +25°C) Unless Otherwise Specified 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage 
oe —— 
ion 
[ranting 


Vas =0to-10V 
Vas =Oto-2V 
Ip = 60A, Vps = -15V 


Vpop = -30V, Ip = 30A, Ru = 1.02 
L =0.2uH,Ig1 =Ig2 =2.0A 
Ves clamp >-10V, +0.6V 


P-CHANNEL 
POWER MOSFETs 


Reverse Recovery Time Isp = 60A, djsp/dt = 100A/us 
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RFG6OPO5E, RFG6OPO6E 
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ON-STATE DRAIN CURRENT €Id€on)] - AMPS DRAIN CURRENT (Id) - AMPS 
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OWER MOSFETs| 6 


LOGIC LEVEL POWER MOSFETs 


PAGE 
LOGIC LEVEL POWER MOSFET DATA SHEETS 
2N6901 N-Channel Logic Level Power MOS Field-Effect Transistor (L2FET) ......... 6-3 
2N6902 N-Channel Logic Level Power MOS Field-Effect Transistor (L2FET) ......... 6-7 
2N6903 N-Channel Logic Level Power MOS Field-Effect Transistor (L2FET) ......... 6-11 
2N6904 N-Channel Logic Level Power MOS Field-Effect Transistor (L2FET) ......... 6-15 
RFL1INO8L, RFL1N10L N-Channel Logic Level Power Field-Effect Transistors (L2FET)............. 6-19 
RFLIN12L, RFL1N15L N-Channel Logic Level Power Field-Effect Transistors (L2FET)............. 6-23 
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RFD14NO5L/05LSM, N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors . . . 6-79 
RFP14NO5L 
RFM15NO5L/06L, N-Channel Logic Level Power Field-Effect Transistors (L°FET).........00.. 6-84 
RFP15NO5L/06L 
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P-CHANNEL POWER MOSFETs continueq) 


RFD16NO5L, N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors .. . 
RFD16NO5LSM 
RFD16NO6LE, 16A, 60V, ESD Rated, Avalanche Rated, Logic Level N-Channel 
RFD16NO6LESM Enhancement-Mode Power MOSFETs (MegaFETs)..................005. 
RFP17NO6L N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistor .... 
RFP25NO5L N-Channel Logic Level Ennancement-Mode Power Field-Effect Transistor ... . 
RFP25NO6L N-Channel Logic Level Enhancement-Mode Power Field-Effect 
Transistor (L2FET).. 0.0... cece cece eee eee seen ene eeeeennney 
RFP30NO6LE 30A, 60V, ESD Rated, Avalanche Rated, Logic Level N-Channel 
Enhancement-Mode Power MOSFET (MegaFET).................00000- 
RFPS5ONO5L, N-Channel Logic Level Enhancement-Mode Power Field-Effect 
RFG50NO5L TANSISICNS (IMSOBF ETS) 120 cacccsccwcdeenrnbxecshehenscensaansannee s 
RFD10PO3L, 10A, -30V, Avalanche Rated, Logic Level P-Channel 
RFD10P03LSM, Enhancement-Mode Power MOSFETs (MegaFETs) .................004. 
RFP10P03L 
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jG HARRIS 


2N6901 


N-Channel Logic Level 


August 1991 Power MOS Field-Effect Transistors (L2FET) 
Features Package 
TO-205AF 
e 1.69A, 100V BOTTOM VIEW 
e 'DS(on) = 1.40) 
¢ Design Optimized for 5V Gate Drive SOURCE GATE 
© Can be Driven Directly from QMOS, NMOS, TTL Circuits © 
. . . . . fo} (o} 
© Compatible with Automotive Drive Requirements DRAIN 
© SOA is Power-Dissipation Limited (CASE) 


e Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


¢ High Input Impedance + ‘nal Di 
ermina fagram 
¢ Majority Carrier Device 
N-CHANNEL ENHANCEMENT MODE 


Description D 


The 2N6901 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma- 
ble controllers, automotive switching, and solenoid drivers. This per- 


formance is accomplished through a special gate oxide design G = 
which provides full rated conduction at gate biases in the 3V - 5V 17 re 
range, therefore facilitating true on-off power control directly from > W~ 
logic circuit supply voltages. : =r g 
The 2N6901 is supplied in the JEDEC TO-205AF metal package. 3 oc 
Os 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 4 
2N6901 UNITS 
DRS SOUS VONAUS sce nadecuedvenaedewsien sed nen aise eednewses Redes tee edeesanduewuaens Vps 100* V 
Drain-Gale Vallage(RG6 = 1M) sci cisvsccs ces tev ex eer caw ee cues canes Ces onwED Ree RS REO VDGR 100* V 
Continuous Drain Current 
BE ns erwin bcd nae ta nun wea dane kk ben dERTRSLNHRSIE DEW ENMEN URE REN ANA RE ERS ID 1.69* A 
Pulsed Drain Current ss oss cas sa cea canes 00000 W08 05s Benes Res te aeee RES ee ON FeO Ree Osa Re Ree OS IDM 5* A 
GeiG-"SOUICS VGUAGS 6556 cases 526 55.085 Si00s Hee Ces Bede eeK REESE RUSE S Hin DONE Sede Se Ee RED Ves +10* V 
Maximum Power Dissipation 
tel ts eee TCP eT eT TE TEL STOEL CUTIE TET ETEP CTCL TEE Ee TeET Eee e reer rere e Pp 8.33* WwW 
Above To = +259C, Derate LIntarly sc cccscars ctccnesscessedres eeasaneeesaes peanecenpeaes une 0.0667* W/°9C 
Operating and Storage Junction Temperature Range. .......cescesesnccccsscennnsecncens Ty, Tstq@ 7-55 to+150* ad © 
Maximum Lead Temperature for Soldering ......... ccc cece cece cee cece eee ee eet eeeeeeerecees TL 260* oC 
At distance > 1/8 in. (3.17mm) from seating plane for 10s max 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 87 7.1 
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Specifications 2N6901 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC TEST CONDITIONS ma 


* 


nput Capacitance Ciss 


* 


Output Capacitance C Ves =O V 


* 


Max. 
‘| Drain-Source Breakdown Voltage BVoss_ | to = TMA, Ves=O | 100 | — 
‘|Gate Threshold Voltage Vass(th) | Vas = Voss lo=tmA tt | 2 
[Becestomesteieret ~seriae vee = Tar 
| To 125°C, Vos=80V_ | — | 50 | 
‘|Gate-Source Leakage Current css | Vas = 10 Vi Vos=0 | — | 100 | 
[Pansewrsonvorse 0 [| —tapavassv [= ae 
J IDE 169A, Ves=5V | — | 2.4 | 
| 1 | 
/— | 26 | 

‘|Forward Transconductance Vos = 5 V, Ip = 1.07 A 500 _ 


* 


Static Drain-Source On Resistance ros(on)@ Ip = 1.07 A, Ves = 5 V 
Tc = 125°C, Ip = 1.07 A, Ves = 5 V 


* 


fs 
Turn-On Delay Time ta(On) Von = 50 V 

ln = 1.07 A 

*| Turn-Off Delay Time ta(off) Rgen = Rgs = 159 
Fall Time t Ves =5V 


Thermal Resistance Junction-to-Case R Pe eg 


* 


* 


a 
oss 
Reverse Transfer Capacitance Cres f= 0.1 MHz 
f 
guc 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS ae 


Min. [Max. 
"|Diode Forward Voltage Vso Ts = GDA 0.8 [1 


Reverse Recovery Time tr lp = 1A, dir/dt = 50 A/us | — | 250 | 


“In accordance with JEDEC registration data. 
€@Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


STHHES| esscs 
[OPERATION IN THIS AREA 
21S LIMITED BY "DS (on) 


DRAIN CURRENT (lp)—A 


LINEARLY WITH INCREASE 
IN TEMPERATURE) 


STS ety jennie 


SESE Vp 901) 


DRAIN -TO-SOURCE VOLTAGE (Vps)— V 


92CM-40707 


Fig. 1 - Maximum operating areas. 
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40730 


_ 92CS- 


JUNCTION TEMPERATURE (Ty ) ~°C 


SLAAISOW YAMOd 


THA371 DIDOT7 


92CS - 37343 


I5 V 


80us 
soneB 


GATE- TO- SOURCE VOLTAGE (Vgs)—V 


Fig. 5 - Typical transfer characteristics. 
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to 
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DRAIN 


function of junction temperature. 


DUTY CYCLE< 2% 
28 


PULSE TEST 
PULSE DURATION 


Vos 
See eee 
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Fig. 3 - Typical normalized gate threshold voltage as a 


Fig. 7 - Capacitance as a function of drain 
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PULSE TEST 
PULSE DURATION= 80us 
DUTY CYCLE < 2% 
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Fig. 9 - Switching time test circuit. 


i HARRIS 


Z2N6902 


N-Channel Logic Level 


August 1991 Power MOS Field-Effect Transistors (L2FET) 
Features Package 
TO-204AA 
Stee BOTTOM VIEW 
* DS(on) = 9.22 
: — ; DRAIN 
¢ Design Optimized for 5V Gate Drive SOURCE ? (FLANGE) 
¢ Can be Driven Directly from QMOS, NMOS, TTL Circuits “O- 
® Compatible with Automotive Drive Requirements O O 


e SOA is Power-Dissipation Limited 
e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


e High Input Impedance 


a ; ; Terminal Diagram 
e Majority Carrier Device 
N-CHANNEL ENHANCEMENT MODE 


Description D 


The 2N6901 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma- 
ble controllers, automotive switching, and solenoid drivers. This per- 


formance is accomplished through a special gate oxide design G 
which provides full rated conduction at gate biases in the 3V - 5V TT 
range, therefore facilitating true on-off power control directly from ot 7) 
logic circuit supply voltages. _! “ 
: Ss 
The 2N6902 is supplied in the JEDEC TO-204AA steel package. = es 
os 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 4 
2N6902 UNITS 
Drain-Source VoAGS o.cc ccc ccccee ves ce neces cea es cue ose se een ee ees ee Kea HO Ke Hees BOOS eH Vps 100* V 
Drain=Gae Volage (AGS = 1 MED) ac coves ved cne casas ter ene cn ern ee un enn wer 66009 oRSe BERK VDGR 100* V 
Continuous Drain Current 
TER PO SO 5 ue bei aiapnseyecuaes Be eebeewbhe ane O Mes suweas Mimheokews bebee Kies denne ID 12° A 
Pusat LOIN LNT E . cao nesnecdeandndaetek Desunk GbeCkded che tnd Revad Gaon BER Ser nsh Renee RES IDM 30* A 
Ginle=-SOUrCE VOHOGG: «as 150 cece codeine Kee cee aes Neo Ns OR Eka HEN LESS Ade REA NS Wed OMe BK RE Ves £10" Vv 
Maximum Power Dissipation 
PFE os sswo wns 004Gns Fev essendavaracenesduewens eegne ddenseatieseecuecee sae asrecs Pp 7a" WwW 
AGUS TiC = 420°C, Dae LINGANY «6 i4 sccand asdepnes en See Hes o6G086 WERE Sard Re ORs Rak emnes EES 0.6* W/°C 
Operating and Storage: Junction Temperature Range... us. 0s sus cccccecne veunsenewesex nee Ty, Tstq@ 7-55 to+150* °C 
Maximum Lead Temperature for Soldering «occ ovens ces cease cease ees ves eens sees eee es eee ee sees TL 260* °C 
At distance > 1/8 in. (3.17mm) from seating plane for 10s max 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 878.1 


Copyright © Harris Corporation 1991 
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Specifications 2N6902 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc = 25°C) unless otherwise specified 


LIMITS 


CHARACTERISTIC TEST CONDITIONS Pin. | max. UNITS 


"| Drain-Source Breakdown Voltage Voss | lo 1mAVes=0 | 100 | — |v 
v 
: Zero Gate Voltage Drain Current loss a ee ee ee 

T= 125°C, Vos=80v. | — | 50 | 


‘ Gate-Source Leakage Current less Ves = £10 V, Vos = 0 | i | 100 nA 


. Drain-Source On Voltage Vos(on)& In =7.6 A, Ves = 5 V | om | ae . 
b= 12AVes=5V | — | 33 | 
Q 


. Static Drain-Source On Resistance rps(on)4 ID=7.6A 


Tc=125°C, Ip=7.6 A, Ves=5 V 


ee a 
ae 
3 | 

Vos = 25V | 350 | 900 
Vas = OV | 100 | 325 
f= 0.1 MHz 
Voo = 60 V | - | so | 
l= 7.6V p= | 180 
Ron Ra=15Q | — | 130 | 
Ves = 5 V | = | 150 
= | 167 


. Thermal Resistance Junction-to-Case Ric 


. Forward Transconductance ts Vos = 5 V, ln =7.6A 
) 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


Diode Forward Voltage Vsp@ Isp = 12 A ar ee 


1.6 
Reverse Recovery Time ter lF=4A 
375 


CHARACTERISTIC TEST CONDITIONS 


dir/d: = 100 A/ps 


* In accordance with JEDEC registration data. 
€@Pulsed: Pulse duration = 300 ps, max., duty cycle = 2%. 
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Fig. 2 - Power dissipation vs. temperature derating curve 
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Fig. 5 - Typical transfer characteristics. 
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2N6902 


HH] Veg = t5V 
PULSE TEST 
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Fig. 8 - Typical forward transconductance as a function of drain 
current. 
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Fig. 7 - Capacitance as a function of drain-to-source voltage. 
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Fig. 9 - Switching time test circuit. 
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Features 

© 0.98A, 200V 

* DS(on) = 3-652 

e Design Optimized for 5V Gate Drive 


Z2N6903 


N-Channel Logic Level 
Power MOS Field-Effect Transistors (L2FET) 


e Can be Driven Directly from QMOS, NMOS, TTL Circuits 


¢ Compatible with Automotive Drive Requirements 


e SOA is Power-Dissipation Limited 
¢ Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

© High Input Impedance 


¢ Majority Carrier Device 


Description 


Package 
TO-205AF 
BOTTOM VIEW 
SOURCE GATE 
(0) 

(0) (0) 
DRAIN 
(CASE) 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


The 2N6903 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma- 
ble controllers, automotive switching, and solenoid drivers. This per- 
formance is accomplished through a special gate oxide design G 
which provides full rated conduction at gate biases in the 3V - 5V 
range, therefore facilitating true on-off power control directly from 


logic circuit supply voltages. 


The 2N6903 is supplied in the JEDEC TO-205AF metal package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


Drain-Source Voltage .......cccccccccccscccces 
Drain-Gate Voltage (RGsS = 1MMQ).............. 


Continuous Drain Current 


Vi GEOG csccarsiecnteaseerdeianeweiasus 


Gate-Source VONAGE wcssccccsicanswnncannes awe 


Maximum Power Dissipation 


TFS E GS sake civses ea dncneesncceuspneaws 
Above Tc = +259C, Derate Linearly .......... 
Operating and Storage Junction Temperature Range 
Maximum Lead Temperature for Soldering....... 


At distance > 1/8 in. (3.17mm) from seating plane for 10s max 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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D 
Sy 
2N6903 UNITS 
prbcnice pisvendyuesorsmoennaeeenwuereereans Vps 200* V 
(xbcbetidasedyscinsaeesavsh eoaecemeeeend VDGR 200* V 
sueawegsuvusecetesuesunsanrssasebererecrens Ip 0.98" A 
i_ateue dsr aeeer een Geceeees nee nd eeeotenesace IDM 4* A 
scibaeteiathaecsniaccabGese seAcsincrmanaenes Vas +10* V 
scsuied westiche Sadtaganawarioeadionscaeseeacaneace: Pp 8.33* W 
ined KHER GaN DASAewRCL Te kev ed eee Re ensue sue 0.0667* W/°C 
{iis HEAR SOE SE TONE RAED HE VERON MeN RN Ty, TSTG ~—55to+150* °C 
ines eictsecectanaaquueusastawaaeaseecacceets TL 260* oC 
File Number 1879.2 
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Specifications 2N6903 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC TEST CONDITIONS 
Zero Gate Voltage Drain Current loss 


Gate-Source Leakage Current less Ves = +10 V, Vos = 


= 

= 
— 

=0 = 

Drain-Source On Voltage Vos (on)@ lp = 0.62 A, Vas = 5 V | — |2.26| 
Static Drain-Source On Resistance ros(on)® | ss In = 0.62A,Vas=5V  =—s|| — || 


Forward Transconductance Qte4 Vos = 5 V, In = 0.62 A | 500 |2000] mmho 
Input Capacitance Ciss Vos = 25 V 


Reverse Transfer Capacitance Crss f = 0.1 MHz 
*| Turn-On Delay Time ta(on) Vopo = 100 V 
*|Turn-Off Delay Time ita (Ff) Rgen = Rgs = 15.9 
tt 


Fall Time Ves=5V 
Thermal Resistance Junction-to-Case Rac | i‘ TU lCdL RH dL 8 


* 


* 


* 


* 


* 


* 


* 


* 


* 


* 


* 


* 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS 


Diode Forward Voltage Vsp@ Iso = 0.98 A | 0.8 | 
Reverse Recovery Time tee lp = 1A, die/dt = 50 A/ps | — | 
“In accordance with JEDEC registration data. 

@Pulsed: Pulse duration = 300 ws max., duty cycle = 2%. 


* 
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Fig. 1 - Maximum operating areas. 
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2N6903 
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POWER DISSIPATION (Pp) — 
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Fig. 2 - Power dissipation vs. temperature derating curve. Fig. 3 - Typical normalized gate threshold voltage as a 
function of junction temperature. 
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junction temperature. 
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Fig. 6 - Typical drain-to-source on resistance as a function of Fig. 7 - Capacitance as a function of drain-to-source voltage. 


drain current. 
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2N6903 
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Fig. 8 - Typical forward transconductance as a function of Fig. 9 - Switching time test circuit. 
drain current. 
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i HARRIS 


2N6904 


N-Channel Logic Level 


August 1991 Power MOS Field-Effect Transistors (L2FET) 
Features Package 
TO-204AA 
° BA, 200V BOTTOM VIEW 


® DS(on) = 0.622 

7 —_— ‘ DRAIN 
¢ Design Optimized for 5V Gate Drive SOURCE a (FLANGE) 
¢ Can be Driven Directly from QMOS, NMOS, TTL Circuits 
¢ Compatible with Automotive Drive Requirements O O 
¢ SOA is Power-Dissipation Limited 

—_— GATE 

® Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


¢ High Input Impedance 


—_ Terminal Diagram 
e Majority Carrier Device 


N-CHANNEL ENHANCEMENT MODE 


Description D 


The 2N6904 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma- 
ble controllers, automotive switching, and solenoid drivers. This per- 


formance is accomplished through a special gate oxide design G Pe 
which provides full rated conduction at gate biases in the 3V - 5V oT us 
range, therefore facilitating true on-off power control directly from > wn 
logic circuit supply voltages. = ". 
: Tr Ss 
The 2N6904 is supplied in the JEDEC TO-204AA steel package. 5 cc 
os 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified © 
2N6904 UNITS 
ENA ROUICE VONEUS isin dix caceerceti ne eenesis Renee beeen dew DE shine one ese eKenEN PedeenG Vps 200* V 
Drain-Gate Voltage (RES = IMD) 2a ic ccscccds cass neue 05408508565 008406 ba ves ee sese eee we VDGR 200* V 
Continuous Drain Current 
TOF EOS 6 cxvic candesveres ieieennetes Reve EN Kadina Hee RETR STEREOS ERATE SAT BE HEO ERRORS ID 8* A 
Pulsed Drain Curren « oxi cxsccsunnea nw oes asd awd BOOKS OR des ONT NY Ded ECON HT hood ORE RSE KOREA IDM 20* A 
SSO CONES aioe spesaer science pew adekause ees ccsundnwatsckeeeues scan emraseiauses Vas +10" V 
Maximum Power Dissipation 
Et lasts < bs (RUPEE ROPER TERUR TEETER TIPCCE TTT ES LUTE CLT T Teele Terr ree Ter eee eee Pp 7 W 
Above TG = +25°C, Detate Linearly ..ss0s0cssccss sctaseenensasaens veavenes neste eee tewcweees 0.6* W/°C 
Operating and Storage Junction Temperature Range..........cccec cece cece cee eeecteeeee Td STG 40156 to +150" °C 
Maadmum Lead Temperdture for SOMening a ics ccasvsavnceweees Hees cb een 08s ea SEN Nea ORES ea Re TL 260* oC 
At distance > 1/8 in. (3.17mm) from seating plane for 10s max 
*JEDEC registered values 
CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 880.1 


Copyright © Harris Corporation 1991 
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Specifications 2N6904 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc = 25°C) unless otherwise specified 


LIMITS 
UNITS 


CHARACTERISTIC 


. Zero Gate Voltage Drain Current loss Lt A 
| so |" 


—_ 
* | Gate-Source Leakage Current lass | Ves=+10V,Vos=0 | — | 100 nA 
* | Drain-Source On Voltage Vos (on)® ln = 5.1A, Ves = 5 V | = | aoe | 
i=8AVee-5v. | — | 55 | 
* Static Drain-Source On Resistance 'ps(on)@ ee ee eee 
To=125°C, lo-5.1A,VersV| — | at | © 
"| Forward Transconductance Ss n®# =| Vos =SVilo=81A | 3 | 12 | mho 
. Input Capacitance Ciss | 350 | 900 
| 75 | 260 | pF 
| 20 | 100 
Voo = 100 V | = | 45 
lo= 5.1 A | = | 150 | 
Rom=Re=15Q | — | 135 | 
Vos = 5V | = | 150 
Thermal Resistance Junction-to-Case RGic eae eee 2 °C/W 


* 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
CHARACTERISTIC TEST CONDITIONS win 
*|__Diode Forward Voltage Veo@ | to 8A | | tT 


Reverse Recovery Time tre lF=4A 
dir/d: = 100 A/ps 


“In accordance with JEDEC registration data. 
@Pulsed: Pulse duration = 300 us, max., duty cycle = 2%. 
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Fig. 2 - Power dissipation vs. temperature derating curve. 
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DRAIN CURRENT (Ip)—A 
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RST EEE AEH EH ERIE EE Hi 


MERE DS) OEE ae SE I SSS SSS SESS TR oT 
SOEs Tea Be GS RE SE Sa SSsea 


"== OPERATION IN THIS AREA ff 
“==, IS LIMITED BY pg (on) 


2N6904 


CASE TEMPERATURE(Tc )= 25°C 

(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 

IN TEMPERATURE) 


Eaeee 
BBVA LALSs LS 58!: SAVVE LITA 113; BS VS BSL? WMV CLT LE £388 Leet! SASL CALL et! EN C8 28 os RET 


MBMBSS TTS! STEs 2s) SOR TI SET Be 


DRAIN-TO-SOURCE VOLTAGE (Vps5)— V 


50 100 150 
CASE TEMPERATURE (Tc )—°C 


JUNCTION TEMPERATURE (Ty )— °C 


92CM- 40710 


Fig. 1 - Maximum safe operating areas. 


92CS-40735 


92CS- 40736 


NORMALIZED GATE THRESHOLD VOLTAGE 


JUNCTION TEMPERATURE (T))— °C 
92CS- 40733 


Fig. 3 - Typical normalized gate threshold voltage as a function of 
junction temperature. 


PULSE TEST 
PULSE DURATION = 80us 
DUTY CYCLE <2% 
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LOGIC LEVEL 
POWER MOSFETs 


2N6904 


Ves 25 V 
PULSE TEST 


PULSE DURATION = 8Qus 
DUTY CYCLE <2% 
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Fig. 6 - Typical drain-to-source on resistance as a function of drain Fig. 7 - Capacitance as a function of drain-to-source voltage. 
current. 
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Fig. 8 - Typical forward transconductance as a function of drain Fig. 9 - Switching time test circuit. 
current. 
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i? HARRIS RFL1NO8L 
RFL1N10L 


N-Channel Logic Level 


August 1991 Power Field-Effect Transistors (L2FET) 
Features Package 
© 1A, 80V and 100V TO-205AF 
BOTTOM VIEW 
® YDS(ON) = 1-22 
e Design Optimized for 5V Gate Drives SOURCE GATE 
e Can be Driven Directly from QMOS, NMOS, TTL Circuits 6) 
¢ Compatible with Automotive Drive Requirements i) (©) _— 
© SOA is Power-Dissipation Limited (CASE) 


* Nanoscecond Switching Speeds 
e Linear Transfer Characteristics 


® High Input Impedance Tarminal Diagram 
e Majority Carrier Device 
N-CHANNEL ENHANCEMENT MODE 


Description 


The RFL1NO8L and RFL1N10L are N-channel enhancement- 

mode silicon-gate power field-effect transistors specifically 

designed for use with logic level (5V) driving sources in 

applications such as programmable controllers, automotive 

switching, and solenoid drivers. This performance is accom- G 

plished through a special gate oxide design which provides full 

rated conduction at gate biases in the 3V - 5V range, thereby 

facilitating true on-off power control directly from logic circuit 

supply voltages. S 


The RFL series types are supplied in the JEDEC TO-205AF 
steel package. 
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Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


RFL1INO8L RFL1N10L UNITS 

Drein=SOuree VOHOOE o.s0 sve cci ns new de cnn ees xe nn ceeded Dae ee RW Oe SEO Ow Vos 80 100 V 
Drain~Gate Voltage (ARGS — IM) 2 oc ssvccvss veces ntccad ren seryee Reeeaes VDGR 80 100 V 
Continuous Drain Current 

BMS COMUINUOUS: 6106.50 oun nus ae wee eee ed HON Dee OR COee Re eek CNR KED EXER RES OB ID 1 1 A 

Pulsed Drain Current. sccss ces 05 ven soe ee was tease Nee Rw OS Coe ORS RODE AWS © IDM sr] 5 A 
Gale-SoOuree VONAGE ..<..cccsccsccestevesssnsscecneienses sae aes Rennes eee Ves £10 +10 V 
Maximum Power Dissipation 

TG FS fas cisias crcneenantads Caw Re UNa Kase Dede ed ANd Rew ees ORs RHEE Pp 8.33 8.33 W 

Above To = +259C, Derate Lingarly i. ccceccccacevss cues ua uva cesve ons ee ans 0.0667 0.0667 W/°C 
Operating and Storage Junction Temperature Range.............0.0eee TJ, TSTG -55 to +150 -55 to +150 o¢ 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


; File Number 1510.1 
Copyright © Harris Corporation 1991 
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Specifications RFL1NO8L, RFL1N10L 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


SYMBOLS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vas =0 | me | 
Gate Threshold Voltage VGS(th) Ves=Vps:!p = 1mA 1 Fon | 


IDSs Vps = 65V | = | ; = 
Vos =80¥ oe a 
To = +1259C 
Vps = 65V 


lass Vas = +10V, Vps =0 
Vps(on)* ['D= 14, Vas =5V | - | 
Static Drain-Source On Resistance 'DS(on)* Ip = 1A, Vas =5V | = | 


LIMITS 
RFL1INO8L RFLIN10L 


CHARACTERISTIC TEST CONDITIONS 


Zero-Gate Voltage Drain Current 


= 
> 


> 


Gate-Source Leakage Current 


Drain-Source On-Voltage 


ue) 
7 


Input Capacitance Ciss Vas = OV, Vps = 25V | 200 | 
f = 1MHz 
Output Capacitance Coss | 80 
Reverse Transfer Capacitance Crss 
Tur-OnDelay Tine 


1.2 
Forward Transconductance ra Ip = 1A, Vps = 10V 800 | - | 800 — 


ue) 
a 


Ip = 1A, Vpp = 50V 


RGEN =®, 
Rgs = 6.25V, Ves = 5V 


[raitime Od 
Thermal Resistance Junction-to-Case re po | 15 | Fo - | 18 | OC /W 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


~” 
TD =~ a | = "Ss 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFLINO8L RFLIN10L 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


rr 


Diode Reverse Recovery Time t IF =2A 
djF/dt = 50A/us 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 
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RFL1INO8L, RFL1N10L 


10.00 CASE TEMPERATURE (To)=25°C 
° Sa el A as Ss SS SESS GO Lona Se See et Se 
ioe Sot Oo SS Cee asa (oe BOC 
a es a i ee ee 
w me aes a ee ome BE 
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= oo Oe ee 
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c cane me gs ea a (oe 
ae [TT ° ETE 
5 rTtestts=—t rrr 
PTT Sts} tT 
DEA a 
[oa a 
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DRAIN-TO-SOURCE VOLTAGE (€Vds) - VOLTS 


Fig. 1 — Maximum operating areas for all types. 


ORMALIZED GATE THRESHOLD VOLTAGE [Vés(th] 


POWER DISSIPATION MULTIPLIER 
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; . 92CS-37341 4 
Fig. 2 — Power dissipation vs. temperature derating curve Fig. 3 — Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 


PULSE TEST 


PULSE DURATION= 8Ous 
DUTY CYCLE< 2% 
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JUNCTION TEMPERTURE (Ty 1-6 GATE- TO- SOURCE VOLTAGE ( Vgg)—V 
92CS-37342 
92CS - 37343 


Fig. 4 — Normalized drain-to-source on resistance to _ 
junction temperature for all types. Fig. 5 — Typical transfer characteristics for all tyoes. 
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RFL1NO8L, RFL71N10L 


R, = 502 
Ig (REF) = 0.094 mA 
Ves= 5V 


Vop = Voss 


Vos — Volts 
Ves — Volts 


Yop = Voss 
SOURCE 


VOLTAGE 


TIME — Microseconds 
92CS-37638 


Fig 6. - Normalized switching waveforms for constant gate-current. 


Refer to Harris application notes AN-7254 and AN-7260. 


V6s* 5V 
PULSE TEST 


. PULSE DURATION= 8Ous 
5 DUTY CYCLE< 2% 


DRAIN TO SOURCE ON RESISTANCE [rpglon Fn 


DRAIN CURRENT (Ip)-A 
92CS~37346 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 


Vos = 10V 

PULSE TEST 

PULSE DURATION= 80ys 
DUTY CYCLE< 2% 
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Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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8] PULSE TEST Scep4ccneeeeeGseeeeeeue 
SPanaRRw 


CASE TEMPERATURE ses 
| 


DRAIN CURRENT (Ip)-A 


re) 1 2 3 4 5 6 7 86 9 10 
DRAIN-TO-SOURSE VOLTAGE ( Vps)—V 
92CS-37345 


Fig. 7 — Typical saturation characteristics for all types. 
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DRAIN—TO-SOURCE VOLTAGE (Vps)-V 
92CS- 36158 


Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 — Switching Time Test Circuit. 


RFLIN12L 
RFLIN15L 


N-Channel Logic Level 


at HARRIS 


August 1991 Power Field-Effect Transistors (L2FET) 
Features Package 
e 1A, 120V and 150V TO-205AF 
BOTTOM VIEW 

* TDS(ON) = 1.92 
e Design Optimized for 5V Gate Drives SOURCE GATE 
e Can be Driven Directly from QMOS, NMOS, TTL Circuits 6) 
e Compatible with Automotive Drive Requirements ° i) 

DRAIN 
e SOA is Power-Dissipation Limited (CASE) 


e Nanoscecond Switching Speeds 


e Linear Transfer Characteristics 


e High Input Impedance Tapminal Diagram 
e Majority Carrier Device 
N-CHANNEL ENHANCEMENT MODE 


Description 


The RFL1N12L and RFL1N15L are N-channel enhancement- 

mode silicon-gate power field-effect transistors specifically 

designed for use with logic level (5V) driving sources in 

applications such as programmable controllers, automotive 

switching, and solenoid drivers. This performance is accom- G 

plished through a special gate oxide design which provides full 

rated conduction at gate biases in the 3V - 5V range, thereby 

facilitating true on-off power control directly from logic circuit 

supply voltages. S 


The RFL series types are supplied in the JEDEC TO-205AF 
metal package. 


D 


= 
to He 
> ~) 
WoO 
+s 
Der 
Ow 
Os 
+d 
a 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


RFL1N12L RFL1N15L UNITS 

DrBiNn-SOUIGS VONEOS o0iccicccasacuved scandens Kee dawea ee enwenawos ous nua’ Vps 120 150 V 
Drain-Gate Voltage (AGS = IMD)) ....0csccesaceccesnesecngouseneeneeee nes VDGR 120 150 V 
Continuous Drain Current 

MMS Coginugue «csidcxescc wre nese keenwcde one wees eeeend Ouse edd ee na Ip 1 1 A 

Pulsed Drain Curent .2 sax cctsscsven vas evans cea esaen oxeen neue senen tae ws IDM 5 5 A 
Gate-Source VONAGE oisicscccssces cscecsecsad banderas edsestoeesevdvas< Vas +10 +10 V 
Maximum Power Dissipation 

TE FES i vcv ene vsawadun neGeswvseeueswen 056 scnyd cedendneenadewarenes Pp 8.33 8.33 WwW 

Above To = +259C, Derate Linearly ox ccccc ces ens csens wees seen aeaee Hee weeees 0.0667 0.0667 W/°C 
Operating and Storage Junction Temperature Range...............0006 TJ, TSTG ~55 to +150 -55 to +150 oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 1 51 3.1 


Copyright © Harris Corporation 1991 
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Specifications RFL1N12L, RFL1N75L 


Electrical Characteristics (Tc = +25°9C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vag =0 | 120. | 
Gate Threshold Voltage VGS(th) Ves=Vps:!p = 2mA ge 
IDSs Vps = 100V | = 


LIMITS 
RFLIN12L RFLIN15L 


TEST CONDITIONS UNITS 


< 


:¢9] 
Do Ae) ~ 3 3 “‘ tc 


> 


Zero-Gate Voltage Drain Current 


Vps = 120V 


To = +1259C 
Vps = 100V 


Vps = 120V 


> 


— 
= 
Drain-Source On-Voltage VDS(on)* ip=1AVes=sv | - | 1.9 
lo=2Aves==v_ | 
[Siaicbrain-Souce Gnnessiance | roster [lo=1Aves==v | - | 19 | 
i | 80 
i | 35 


f = 1MHz 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss 
Turn-On Delay Time Ip = 1A, Vpp = 75V 
—— RGEN =% 
Ags = 6.250, Veg =8V 
Turn-Off Delay Time 
Thermal Resistance Junction-to-Case Roc fe 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 
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Source-Drain Diode Ratings and Characteristics 


LIMITS 
RFLIN12L RFLIN45L 
SYMBOLS | MAX | 


CHARACTERISTIC 


Diode Forward Voltage 
Diode Reverse Recovery Time Ip =2A 


djF/dt = SOA/us 


* Pulse Test; Width < 300us, Duty Cycle < 2%. 
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RFLIN12L, RFL7IN75L 


OPERATION IN T 


LIMITED BY Rds 
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CASE TEMPERATURE ( 
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PT LT VAP 
Os 


100 
- VOLTS 


Fig. 1 — Maximum operating areas for all types. 


POWER DISSIPATION MULTIPLIER 


“oO 25 50 75 joo 125 
CASE TEMPERATURE (Tc) - °C 


Fig. 2 — Power dissipation vs. case temperature derating curve 
for all types. 


NORMALIZED DRAIN-TO- SOURCE 
ON RESISTANCE [rps(on)] 


50 100 150 
JUNCTION TEMPERATURE (T,)—°C 
92CS-37334 


Fig. 4 — Normalized drain-to-source on resistance to 
junction temperature for all types. 
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JUNCTION TEMPERATURE (Tj)—°C 
92CS- 37333 
Fig. 3 — Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 


Vps *'5¥ 


PULSE TEST 
PULSE DURATION=80,s 111 
DUTY CYCLE < 2% 


T¢*—40°C Hh 
euaa 
t 2 3 4 
GATE- TO- SOURCE VOLTAGE (Vgs)—V 
92CS-34335 


ON-STATE DRAIN CURRENT [Ip(on)}—A 
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Fig. 5 — Typical transfer characteristics for all types. 
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RFLIN12L, RFLIN15L 


Re = 752 
Ig (REF) = 0.095 mA 
Yes =10V 


GATE SOURCE 
VOLTAGE 


Voo = Yoss 


Vos — Volts 


Ves — Volts 


Ig (REF) Ig (REF) 
20—————_ 80 ——__—— 
ig (ACT) Ig (ACT) 


TIME — Microseconds 
92CS37648 


Fig. 6 - Normalized switching waveforms for constant gate-current. 


Refer to Harris application notes AN-7254 and AN-7260. 
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PULSE TEST 

PULSE DURATION=80us 
DUTY CYCLE < 2% 


DRAIN-TO-SOURSE ON RESISTANCE [rps(on}] -2 


DRAIN CURRENT (Ip)—A 
92CS-37338 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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2 3 
DRAIN CURRENT (Ip)—A 
92CS-37339 


Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 
PULSE DURATION =80us 
DUTY CYCLEs 2% 
Hy CASE TEMPERATURE (Tc )=25° 
TTT] 


2 3 4 5 6 7 86 9 
DRAIN TO SOURCE VOLTAGE ( Vps)-V 


92CS-37337 


Fig. 7 — Typical saturation characteristics for all types. 


CAPACITANCE (C)—pF 


aaa ja 
e) 10 20 30 40 50 60 70 
DRAIN-TO-SOURCE VOLTAGE (Vpg)-V 
92CS- 36158 


Fig. 9 — Capacitance as a function of drain-to-source 


voltage for all types. 
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TO SCOPE 


KELVIN 
CONTACT 


— eee — 92CS-37361 


Fig. 11 — Switching Time Test Circuit. 


i? HARRIS RFL1N18L 
RFL1N20L 


N-Channel Logic Level 


August 1991 Power Field-Effect Transistors (L2FET) 
Features Package 
e 1A, 180V and 200V TO-205AF 
+ tpsion) = 3.8501 BOTTOM VIEW 
° Design Optimized for 5V Gate Drives SOURCE GATE 
e Can be Driven Directly from QMOS, NMOS, TTL Circuits ° 
¢ Compatible with Automotive Drive Requirements i) (o) re 
¢ SOA is Power-Dissipation Limited (CASE) 


e Nanoscecond Switching Speeds 


e Linear Transfer Characteristics 


¢ High Input Impedance Terminal Diagra 
e Majority Carrier Device 
N-CHANNEL ENHANCEMENT MODE 


Description 


The RFL1N18L and RFL1N20L are N-channel enhancement- 

mode silicon-gate power field-effect transistors specifically 

designed for use with logic level (5V) driving sources in 

applications such as programmable controllers, automotive 

switching, and solenoid drivers. This performance is accom- G 

plished through a special gate oxide design which provides full 

rated conduction at gate biases in the 3V - 5V range, thereby 

facilitating true on-off power control directly from logic circuit 

supply voltages. S 


The RFL series types are supplied in the JEDEC TO-205AF 
metal package. 
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Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 


RFL1N18L RFLIN2OL UNITS 

DBUIHROUICe VONAGE Jind ced ntteds shes caw erus ohiea eed ween ads Ge REewR Rees Vos 180 200 Vv 
Drain-Gate Voltage (Rigs = TMD) « ccccsccccscxscrcesawassuwsacan ane vanen VDGR 180 200 V 
Continuous Drain Current 

i ee eee Ip 1 1 A 

PUGS DG COMA sid i0 dacicenvive did ceenednncdves Meeadsees den thee oo IDM a 4 A 
BIS SOUICE VONRGS ciiss Cescecrsrnewe nee eweaseue sents weReER FED Han TRewe VGs +10 +10 V 
Maximum Power Dissipation 

TSAO sisics sewed Saved wer eicnededseenies Pnlseeeeawbunskaeuadeeress Pp 8.33 8.33 W 

Above To = +259C, Derate LINGGHY 2s sus cewisccd evs cninsuuscuwsaw cxwnu ens nes 0.0667 0.0667 W/°C 
Operating and Storage Junction Temperature Range.................045 TJ, TSTG -55 to +150 -55 to +150 oC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 File Number 1 31 1 A 
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Specifications RFL1N178L, RFL71N2O0L 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTIC 


Vps = 160V 


To = +125°9C 
Vps = 145V 


Drain-Source On-Voltage VDS(on)* Ip = 1A, Vas = 5V 
Ip = 2A, Vas = 5V 


Forward Transconductance Ip = 1A, Vps = 10V 
Vas = OV, Vps = 25V 
Output Capacitance be vane 
Reverse Transfer Capacitance 
Turn-On Delay Time Ip = 1A, Vpp = 100V 
Rise Tims eee Vas = 5V 
Thermal Resistance Junction-to-Case Rouc 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC 


Diode Reverse Recovery Time 


LIMITS 
RFLIN18L RFL1N20L 


UNITS 
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LIMITS 
RFL1IN18L RFL1N20L 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 
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RFLIN178L, RFL1N20L 
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0.01 
1 10 100 1000 
DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 


Fig. 1 — Maximum operating areas for all types. 
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POWER DISSIPATION MULTIPLIER 


NORMALIZED GATE THRESHOLD VOLTAGE [Vgglth )] 
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= Lu 
HH Wu. 
Coo - Ww 
Sot WoO 
anne’; cae | Ss 
0 25 50 75 joo 125 150 JUNCTION TEMPERATURE (T,)—°C O 
CASE TEMPERATURE (Tc) - ~C rena eer ro} tT 
Oo 
Fig. 2 — Power dissipation vs. temperature derating curve Fig. 3 — Typical normalized gate threshold voltage as a function 4 3 
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for all types. of junction temperature for all types. 


Ip=!A, Vegzt5V 
SESE BORE RRR 
BOSC SaReE BRAS 

Sane 


PULSE TEST 
PULSE DURATION = 8Oyus 
DUTY CYCLE < 2% 


os; 
g_fon)] 


ON RESISTANCE 
ON-STATE DRAIN CURRENT (Ip(on)]—A 


NORMALIZED DRAIN-TO 


{| | 
fe) GREER ERROR ASRS EB A 
SESSRSSERERRER"— <a> 


44 or sues te 
JUNCTION TEMPERATURE (Ty )— °C GATE-TO-SOURCE VOLTAGE (Vgs)—V 
92CS-—37308 92CS-37309 
Fig. 4 — Normalized drain-to-source on resistance to Fig. 5 — Typical transfer characteristics for all types. 


junction temperature for all types. 
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RFLIN78L, RFL1N2OL 


PULSE TEST 
3} PULSE DURATION =80 us 
DUTY CYCLE<2% ; 
CASE TEMPERATURE (Tc )#25°C 


200 


150 


=z 
4 
a 
he £ H 
$ $ “a 
| 100 Yoo = Yoss a ; z 
o GATE n . 
ps SOURCE Ss « 
VOLTAGE = 
oO 
50 z 
=z 
a 
a 
ie) —— = 
i Nhs Ig (REF) 
2 ——_——— 
ig ikon ee 5 adil 0 2 3 4 5 6 7 
i} - ier 
ener 92837658 DRAIN-TO-SOURCE VOLTAGE ( Vps)—- V 
92CS-37311 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 


Refer to Harris application notes AN7254 and AN-7260. 
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PULSE TEST 
PULSE DURATION=80yus 
DUTY CYCLE <2% 
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DRAIN-TO-SOURCE ON RESISTANCE 
[rpslonI—-2 


| 2 3 4 5 10 20 30 40 50 60 
DRAIN CURRENT (1p)—-A DRAIN-TO- SOURCE VOLTAGE (Vpg) -V 
92CS-37312 92CS-36090 
Fig. 8 — Typical drain-to-source on resistance as a function Fig. 9 — Capacitance as a function of drain-to-source 
of drain current for all types. voltage for all types. 
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l 2 4 5 
DRAIN CURRENT (Ip)-A 
92CS-37 313 
Fig. 10 — Typical forward transconductance as a function Fig. 11 — Switching Time Test Circuit. 


of drain current for all types. 
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HARRIS RFL2ZNO5L 
RFL2ZNO6L 


N-Channel Logic Level 


up 


August 1991 Power Field-Effect Transistors (L2FET) 
Features Package 
e 2A, 50V and 60V TO-205AF 
” 'DS(ON) = 0.950 BOTTOM VIEW 
¢ Design Optimized for 5V Gate Drives SOURCE GATE 
e Can be Driven Directly from QMOS, NMOS, TTL Circuits ° 
¢ Compatible with Automotive Drive Requirements 6) © — 
e SOA is Power-Dissipation Limited (CASE) 


e Nanoscecond Switching Speeds 


e Linear Transfer Characteristics 


® High Input Impedance sco taal Diagram 
e Majority Carrier Device 
N-CHANNEL ENHANCEMENT MODE 


Description ' 
The RFL2NOS5L and RFL2NO6L are N-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers and drivers for high- 
power bipolar switching transistors requiring high speed and G w 
low gate-drive power. These types can be operated directly = 
from integrated circuits. ~ u 
The RFL series types are supplied in the JEDEC TO-205AF a 2 
metal package. Ss Or 
Ow 
os 
+o 
ou 
Absolute Maximum Ratings (TC = +25°9C) Unless Otherwise Specified 
RFL2NO5L RFL2ZNO6L UNITS 
LIN SOUGE YOURS saciciixcs veces nae nnseweneeecbnd Danse RaW ede eR ee ew EE Vos 50 50 V 
Drain-Gate Voliage (Has = TIMED) ss ccisscccestnscnncad aaencaearegnesnaws VDGR 50 60 V 
Continuous Drain Current 
Bile CONUAMOUE cscccnn creer assests csnscrenuke naa NES SW RES HOE KERNS OO we Ip 2 2 A 
Pulsed Drain Current. occ cse veces cs ncc sen wenn se se cise weaee eee res weawe nese IDM 10 10 A 
CSOSA CE VONOOS 6 nee Wed ne hes Goede wie tew cane nes Skee aeC Rie epene een VGs +10 +10 V 
Maximum Power Dissipation 
MATION G oie vin cevecen co sey ancy as oeseubtaraans tenianeauesecoe tases Pp 8.33 8.33 W 
Above To = 425°C, Derata LINGANY canniceiwinsce nas hse One orugua ce cey noses 0.0667 0.0667 W/°C 
Operating and Storage Junction Temperature Range...........eeeeecees TJ, TSTG -55 to +150 ~55 to +150 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1 560.1 


Copyright © Harris Corporation 1991 
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Specifications RFL2ZNO5L, RFL2ZNO6L 


at 
| RFL2NOSL | RFL2NO6L 
UNITS 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss = 1mA, Vqs=0 
Gate Threshold Voltage VG@S(th) Vas =Vps:!p =2mA 
IDss nd 40V 


Vps=sov. si 50V 


Zero-Gate Voltage Drain Current 


To = +1259C 
Vps = 40V 


lass Vas = +10V,Vps =0 
Vps(on)* |!b=14,Vas =5V 

Ip = 2A, Ves =5V 

Ip = 4A, Vas =7.5V 
Static Drain-Source On Resistance 'DS(on)* Ip = 1A, Ves =5V 
Forward Transconductance last | Ip = 1A, Vps = 10V 
Input Capacitance Ciss Vas = OV, Vps = 25V 

; f= 1MHz 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss 
Turn-On Delay Time td(on) Ip = 1A, Vpp = 30V 

r Res = 6.25V, Ves = 5V yp 

Turn-Off Delay Time td(off) 
Thermal Resistance Junction-to-Case RoJC ae 


10 


Gate-Source Leakage Current 


Drain-Source On-Voltage 
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Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


Diode Reverse Recovery Time ter IF =2A 150 (typ) | 150 (typ) f1 50 (typ) | 150 (typ) 
djF/dt = 100A/us 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 


cS oe 
| RFL2NOSL | -RFL2NO6L 
UNITS 
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RFL2NOSL, RFL2NO6L 


CASE TEMPERATURE (Tc)=25°C 


= S 
SdW¥ - CPI) LNSYYNI NI¥YC 


00 


1 


10 
DRAIN-TO-SOURCE VOLTAGE (Vds) 


- VOLTS 


Maximum operating areas for all types. 


Fig. 1 - 
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SLAASOW YAMOd 


TSA371 DIDO 


92CS-38170 


JUNCTION TEMPERATURE (Ty )—°C 


of junction temperature for all types. 


i'e) 
f(s) S210 


Fig. 3- Typical normalized gate threshold voltage as a function 


125 150 
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C 
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CASE TEMPERATURE (Tc) - 
Power dissipation vs. case temperature derating curve 


for all types. 
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Fig. 2 


10V PULSE TEST 
PULSE DURATION =80xus 
< 2% 


DUTY CYCLE 


Vos 


v-[l¥0)97) aNayuNdD NIvYd 3LVLS-NO 


2) 


[(uo) SQs JONVISIS3Y 
NO 3OYNOS-OL-NIVYG G3ZITVNYON 


GATE-TO-SOURCE VOLTAGE ( Ves) —-V 


JUNCTION TEMPERATURE (Ty )—°C 


92Cs-38172 


92CS-38171 


Fig. 5 - Typical transfer characteristics for all types. 


Fig. 4 - Normalized drain-to-source on resistance vs. junction 


temperature for all types. 
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RFL2NOSL, RFL2ZNO6L 


RL = 152 
Ig (REF) = 0.095 mA 
Ves = 5V 


GATE SOURCE VOLTAGE 
Vpp = Voss 


Vps — Volts 
Ves— Volts 


a 
r\ SX 


Ig (REF) - Ig (REF) 
Ig (ACT) Ig (ACT) 
TIME — Microseconds 92C8-37631 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 


Veg = 5V PULSE TEST 


PULSE DURATION =80ust- 
141 DUTY CYCLE < 2% 
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& TEM 2 


DRAIN-TO-SOURCE ON RESISTANCE 


2 4 6 
DRAIN CURRENT (Ip)—A 
92CS- 38174 


Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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DRAIN CURRENT (Ip)—A 92C8- 38176 


Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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PULSE TEST 


12); PULSE DURATION= 80us 
DUTY CYCLE< 2% 


ne 


sseet 


HA 


a : rh 


CTO ATA 


DRAIN CURRENT (Ip)—A 


2 3 4 5 6 7 


DRAIN-TO-SOURCE VOLTAGE ( Vps)-V 
, 92CS-38173 


Fig. 7 - Typical saturation characteristics for all types. 


OO} FREQUENCY (F) = 0.IMHz-+++4 


30 
DRAIN-TO-SOURCE VOLTAGE (Vps)-V 


92CS-38175 


Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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Fig. 11 - Switching Time Test Circuit. 


wharRRIS RFEFW2NO6RLE 


N-Channel Logic Level Enhancement-Mode 


May 1992 Power Field-Effect Transistors 
Features Package 
e 2A, 60V 4-PIN HEXDIP 
TOP VIEW 


® [ps(on) = 0.1602 

e UIS Rating Curve (Single Pulse) 

e Design Optimized For 5 Volt Gate Drive SOURCE 
e Can be Driven Directly from CMOS, NMOS, TTL Circuits _— GATE 

e¢ Compatible with Automotive Drive Requirements 


¢ SOA is Power-Dissipation Limited 


Nanosecond Switching Speeds 
e Linear Transfer Characteristics 


e¢ High Input Impedance 


Majority Carrier Device 


¢ Electrostatic Discharge Protected Terminal Diagram 
Description 
D 
The RFW2NO6RLE (TA9861) N-Channel logic level ESD protected wo 
power MOSFET is manufactured using the MegaFET process. _I a 
This process, which uses feature sizes approaching those of LSI = 7 
integrated circuits gives optimum utilization of silicon, resulting in WW Oo 
outstanding performance. The RFW2NO6RLE was designed for G Oo = 
use with logic level (5V) driving sources in applications such as ro} 7 
programmable controllers, automotive switching, switching regula- oe 
tors, switching converters, motor and relay drivers and emitter = 
switches for bipolar transistors. This performance is accomplished 
through a special gate oxide design which provides full rated con- 
ductance at gate biases in the 3-5 volt range, thereby facilitating 5 
true on-off power control directly from logic circuit supply voltages. 
The RFW2NO6RLE is supplied in the 4-pin hexdip plastic package. 
(Similar to JEDEC outline TO-250) 
Absolute Maximum Ratings (Tc. = +25°C) 
UNITS 

PR SOUS VONGOG aise code weds eke Phe hat ObRdwdas es F404e8 99S 24 See 4 TseR EO HR Ss Voss 60 V 
CVA GAO VONRGG cs sacccckus ee ee daten Rad CaORERIDR SOE dE ES Oe eRCe OWEN ED EES Vocer 60 V 
Cals Saiee VONAGS sacs cctcccgat users vena see cnse we ncesnne s oh-06 ene cawewes x d86 Ves +10, -5 V 
Drain Current 

BAGS COUMMOUS. «ica eendeeend endive aah sane es 8 eR NOO REE See EOD OORT et ewex Ip 2 A 

Puss DMN CUTEN scskccaccaceexsonnes eck eesadnawkeend ed eee send wane nas eens lom 14 A 
Singie Pisa Avelanee AGUNG 66556 on 0cces ose s4ede0s ec 4 baewdes (04 E 4S eK ad4 HERS BRS E,s Refer to UIS Curve 
Electrostatic Discharge Rating, MIL-STD-883, Category B(2)........... ee eee eee eee ESD 2 KV 
Power Dissipation 

Te SOs ca teencnnb senha sinks tes aaneeniknndn beh aenensekeutoudeateeossende Pp 1.09 W 

DOT FOU FI i on 6605 e044 8908 hb 4068 0 h0d 50040-0005 40005 94E00s 44 REE Ears Py 0.009 WPC 
Operntitig and SIOrags TEMPGIGUNG:. . oan een ec ke ed ow eens were nd een see ee eee es Tste, Ty -55 to +150 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2 83 8.1 
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Specifications RFW2NO6RLE 


Electrical Characteristics Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


SYMBOL 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown 
Voltage 


Ip = 0.25mA, Veg = OV 
Ves = Vos: Ip = 0.25mA 


a co 
Turn-On Delay Time | ton | 


Gate Threshold Voltage 


Zero Gate Voltage Drain Cur- 
rent 


Vps = 60V, Vag = OV 


Gate-Source Leakage Current Ves = +10V, Veg = -5V 


Ip = 2A, Vgg = 5.0V, Ip = 2A, Vgg = 4.3V 


Vop = 30V, Ip = 2A, R, = 15, Veg = SV, 
Res = 252 


. lon 

Laon) 

3 

Vos = 25V, Vag = OV, f = 1MHz 


sere 
Cycle 


Vop = 30V, Ip = 2A, L = 0.2 11H, 
Ry = 15Q, Ves = 5V, Res = 252 


Thermal Resistance Junction 
to Ambient 


Source-Drain Diode Ratings And Characteristics 


CHARACTERISTIC 


Isp = 2A, disp/dt = 100A/us 


Tc = +25°C 
Te = +150°C 


on 
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.= 


= 


5 = 
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4 
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Forward Voltage 
Reverse Recovery Time 
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RFW2NO6RLE 
Performance Curves 


CASE TEMPERATURE (Tc)=25degC 


10.00 
= | 
= 1.00 te Sl - STARTING T}= T80d9gC 
— cea Smee ae Oe oa] Sie @ = 
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z Se er eee eo eee ees 
c SEE Sat 
oa ae an ea Ht ee ON HH 
| ft EE ee ‘}{] — Vdse tav=(L)¢1a8)/(1.3 RATED BVdes-Vdd) | 
Cait hae At tavetL , 
0.0! 
0.1 10.0 100.0 i 0.10 1.00 
DRAIN-TO- = uliRte VOLTAGE (Vds) - VOLTS TIME IN AVALANCHE (tav) - MILLISECONDS 
FIGURE 1. SAFE-OPERATING AREA CURVE FIGURE 2. UNCLAMPED INDUCTIVE-SWITCHING 
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ray rid > ”) 
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CASE TEMPERATURE (Tc) - degC CASE TEMPERATURE (Tc) - degC = w 
wil 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. NORMALIZED POWER DISSIPATION vs TEMPERA- 2 
TEMPERATURE TURE DERATING CURVE 
- PULSE DURATION=250us Te=25 deg C 
= Pulse Duratlon=250us 
: Duty Cycle=.52 MAX 
S10 = 
= 5 
r= | 
oO w 
z « 
= . 
a - 
=| 


2 3 4 0.0 1.0 2.0 3.0 4.0 5.0 8.0 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V GATE-TO-SOURCE VOLTAGE (Vgs) - V 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFW2NO6RLE 


Performance Curves (continued) 


Vds=!5V, Id=2A 


NORMALIZED Rds(on) 


"4.0 4.5 5.0 5.5 6.0 8.5 7.0 
GATE-TO-SOURCE VOLTAGE (Vge)-V 


FIGURE 7. NORMALIZED Ipsjon) VS Vie 


Vgs=Vds IJd=250uA 
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& THRESHOLD VOLTAGE 
s(th)) 


om 
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0.50 


NORMALIZED G 


0.25 
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FIGURE 12. TYPICAL SWITCHING WAVEFORMS FOR CON- 
STANT GATE CURRENT. REFER TO APPLICA- 
TION NOTES AN7254 AND AN7260 
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RFW2NO6RLE 


Performance Curves (Continued) 
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FIGURE 13. RESISTIVE SWITCHING TEST CIRCUITS 
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FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 
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FIGURE 16. UNCLAMPED ENERGY WAVEFORMS 
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RFP2NO8L 
RFP2N10L 


N-Channel Logic Level 


tia? HARRIS 


August 1991 Power Field-Effect Transistors (L2FET) 
| 
Features Package 
e 2A, 80V and 100V TO-220AB 
TOP VIEW 


* TDS(ON) = 1.052 
e Design Optimized for 5V Gate Drives DRAIN al 
(FLANGE) i SURGE 


® Can be Driven Directly from QMOS, NMOS, TTL Circuits | $$ DRAIN 


¢ Compatible with Automotive Drive Requirements 
¢ SOA is Power-Dissipation Limited 

® Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 


¢ High Input Impedance 


Terminal Diagram 
e Majority Carrier Device 
N-CHANNEL ENHANCEMENT MODE 


Description 


The RFP2NO8L and RFP2N10L are N-channel enhancement- 

mode silicon-gate power field-effect transistors specifically 

designed for use with logic level (5V) driving sources in 

applications such as programmable controllers, automotive 

switching, and solenoid drivers. This performance is accom- G 

plished through a special gate oxide design which provides full 

rated conduction at gate biases in the 3V - 5V range, thereby 

facilitating true on-off power control directly from logic circuit 

supply voltages. S 


The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 


D 


Absolute Maximum Ratings (TC = +25°9C) Unless Otherwise Specified 


RFP2NO8L RFP2N10L UNITS 

Drain-Source Volage ccs sic ccc ccsvvetarscranscaesassavessenssss sees vas Vos 80 100 V 
Drain-Gate Voltage (Ries = WANT) 6 isesckcnce nedneeteenubscea see weswnaas VDGR 80 100 V 
Continuous Drain Current 

Pte CONUNUOUE « scotesxesdwers adr dewsenbaeed hed nenounsscad en bewnewne Ip 2 2 A 

Puised Dai GUO 5.50 0ns cnnsed esne end nec dnane knee aeeceendaK eRe eE OMe IDM 5 A 
Gate-Source VOWAGS sic icecics ce ccc enees desanveresess eoeed NSN eee Raa EES Vas +10 +10 V 
Maximum Power Dissipation 

Ty GRINS osc nisind ned nh rheedhseeeta peered beeenyedeknwawheane ni oe’ Pp 25 25 W 

Paave Tie = +25°C, Dereie LinGay cessi cee arkavenna canevnccerwea sen eeedaans 0.2 0.2 W/°C 
Operating and Storage Junction Temperature Range............eeeeeees TJ, TSTG -55 to +150 -55 to +150 oC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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Specifications RFP2NO8L, RFP2N10L 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


LIMITS 
RFP2NO8L RFP2N10L 


= = = 


CHARACTERISTIC UNITS 


Gate Threshold Voltage VG S(th) VGs=Vps.!p =1mA 1 


IDSs Vos = 65V = 
Vos =80v Le 
To = +125°C 
Vps = 65V 


Zero-Gate Voltage Drain Current 


= 
> 


Gate-Source Leakage Current Iass Vas = +10V, Vps =0 


Drain-Source On-Voltage VDS(on)* Ip = 1A, Vas =5V 
Ip = 2A, Ves =5V 
Static Drain-Source On Resistance 'DS(on)* Ip = 1A, Vas = 5V 


ii 
Oo 
(e) 
=) 

> 


Forward Transconductance Ip = 1A, Vps = 10V 800 
Input Capacitance Ciss Vas = OV, Vps = 25V 
" f= 1MHz 
Output Capacitance Coss 
Reverse Transfer Capacitance Crss 
Turn-On Delay Time td(on) Ip = 1A, Vpp = 50V 
' RGEN = 
Ras = 625V, Vag = BV 
Turn- Off Delay Time td(off) 
Thermal Resistance Junction-to-Case Rec A! 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


=k 
(@) 
<S 
=. 
nw 


” 
DU }U]U [Ta 


—* 
ao 
~-_~ 
ad 
<< 
2 


2 


Source-Drain Diode Ratings and Characteristics 


LIMITS 


CHARACTERISTIC SYMBOLS TEST CONDITIONS | MIN | MAX | | MIN | MAX | UNITS 
[Bee rerwaravenage * ver eon vw | a 
rr 


Diode Reverse Recovery Time t IF =2A 100 (typ) | 100 (typ) {100 (typ) | 100 (typ) 
djF/dt = SOA/us 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 
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RFP2ZNO8L, RFP2N10L 
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OPERATION IN T 
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ry A 
200 oe Abe a a 
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DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 


Fig. 1 — Maximum operating areas for all types. 
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92CS-3734I 
Fig. 2 — Power dissipation vs. temperature derating curve Fig. 3 — Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 
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PULSE TEST 

PULSE DURATION= 80us 
DUTY CYCLE< 2% 
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Fig. 4 — Normalized drain-to-source on resistance to Fig. 5 — Typical transfer characteristics for all types. 
junction temperature for all types. 
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RFP2NO8L, RFP2N10L 


8) PULSE TEST 


PULSE DURATION=80us 


7| DUTY CYCLE < 2% 
CASE TEMPERATURE [71 
Ri = 502 
Ig (REF) = 0.094 mA 
Ves= 5V 


Vos — Volts 
Ves — Volts 


VOLTAGE 


7 Moos: 
SOURCE 
- i 


aD t | 
B/.8".8R" 
LAA | 
AV." 


DRAIN CURRENT (Ip)-A 


Ig (REF) Ig (REF) 
2075 ach) ig (ACT) 
TIME — Microseconds winds ce) | 2 3 4 5 6 Ci 8 9 10 
DRAIN-TO-SOURSE VOLTAGE ( Vps)—V 
92CS-37345 
Fig. 6 - Normalized switching waveforms for constant gate-current Fig. 7 — Typical saturation characteristics for all types. 
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Fig. 10 — Typical forward transconductance as a function Fig. 11 — Switching Time Test Circuit. 
of drain current for all types. 
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i? HARRIS RFP2N12L 
RFP2N15L 


N-Channel Logic Level 
August 1991 Power Field-Effect Transistors (L2FET) 


Features Package 


e 2A, 120V and 150V TO-220AB 
TOP VIEW 


* TDS(ON) = 1.752 


¢ Design Optimized for 5V Gate Drives DRAIN aia 
® Can be Driven Directly from QMOS, NMOS, TTL Circuits > DRAIN 
EE 


= 


GATE 
¢ Compatible with Automotive Drive Requirements 


¢ SOA is Power-Dissipation Limited 
e Nanoscecond Switching Speeds 
e Linear Transfer Characteristics 


© High Input Impedance Taina! Diagram 
e Majority Carrier Device 
N-CHANNEL ENHANCEMENT MODE 


Description 


The RFP2N12L and RFP2N15L are N-channel enhancement- 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom- 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 


The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 


D 


Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
RFP2N12L RFP2N15L 


Drain-Source Voltage 120 120 
Drain-Gate Voltage (RGs = 1MQ) 120 150 
Continuous Drain Current 

2 2 


Gate-Source Voltage +10 +10 
Maximum Power Dissipation 
25 25 
Above Tc = +259C, Derate Linearly 0.2 0.2 
Operating and Storage Junction Temperature Range ~55 to +150 =-55 to +150 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. : 
er 
Copyright © Harris Corporation 1991 File Numb 2874 
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Specifications RFP2N12L, RFP2N175L 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vas =0 
Gate Threshold Voltage VGSith) Vas =Vps:!p =2mA 


MIN 
120 
at 
iss |vos=toov | | 

Vos = 120V ae com 

Vps = 100V 

Vos = 120V is 
1 ee | 
p= | 475 | 
a 
— 


LIMITS 
RFP2N12L RFP2N15L 


TEST CONDITIONS UNITS 


Zero-Gate Voltage Drain Current 


Pe BBE 


—_ 
“Ni 
oO 
mo fn | — | — 
o|/alolo © 
ee ee ee ee ee ee oO 
Zgigicgi|< ro) 
SBiIZiziz 


eS 
r 


Gate-Source Leakage Current 100 n 


Drain-Source On-Voltage ID 


175 


Input Capacitance Ciss Vas = OV, Vps = 25V | 200 
f= 1MHz 
Reverse Transfer Capacitance Crss 


se) 


w 
or 
v 7 |2 
ai[aninlele;]<|<]> 


2 


Turn-On Delay Time Ip = 1A, Vpop = 75V 
— RGEN=%, 
pRisetime Td gg = 625, Veg =v 
Turn- Off Delay Time td(off) 


t 
Thermal Resistance Junction-to-Case Rec |. p= | 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 
LIMITS 
RFP2N12L RFP2N15L 
CHARACTERISTIC UNITS 


Diode Reverse Recovery Time ter IF =2A 150 (typ) | 150 (typ) [150 (typ) | 150 (typ) 
djF/dt = 50A/us 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 
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RFP2N12L, RFP2N15L 


CASE TEMPERATUR 
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Fig. 1 — Maximum operating areas for all types. 


POWER OI[SSIPATION MULTIPLIER 
NORMALIZED GATE THRESHOLD VOLTAGE [Vgs(th)] 


50 75 d 
CASE TEMPERATURE (Tc) - 


Fig. 2 — Power dissipation vs. case temperature derating curve 
for all types. 
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ON-STATE DRAIN CURRENT (Lp(on)]—A 
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JUNCTION TEMPERATURE (Ty)—°C 
92CS- 37334 


Fig. 4 — Normalized drain-to-source on resistance to 
junction temperature for all types. 
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92CS- 37333 


Fig. 3 — Typical normalized gate threshold voltage as a function 


of junction temperature for all types. 
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Fig. 5 — Typical transfer characteristics for all types. 


RFP2N72L, RFP2N15L 
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Ig (REF) = 0.095 mA 
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Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 


Fig. 6 - Normalized switching waveforms for constant gate-current 
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DRAIN CURRENT (Ip)-A 


PULSE DURATION =80us 
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CASE TEMPERATURE (Tc )#25°C 
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Fig. 7 — Typical saturation characteristics for all types. 
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Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 — Switching Time Test Circuit. 
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i“ HARRIS 


RFP2N18L 
RFP2N20L 


N-Channel Logic Level 


August 1991 Power Field-Effect Transistors (L2FET) 
Features Package 
e 2A, 180V and 200V TO-220AB 
TOP VIEW 
* TDS(ON) = 3-52 
® Design Optimized for 5V Gate Drives Piri ae SOURCE 
© Can be Driven Directly from QMOS, NMOS, TTL Circuits | [> DRAIN 


¢ Compatible with Automotive Drive Requirements 
© SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 

® High Input Impedance 


e Majority Carrier Device 


Description 


The RFP2N18L and RFP2N20L are N-channel enhancement- 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom- 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 


The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


ee VON MOG 6 vin ews ka Sse Retinde denen edee Sconce cranckneern 
Drain-Gate Voltage (RGS = IMD) .cccccsnccccccscuscrescnssscscccces 


Continuous Drain Current 


OU on casekcn mio etcbewnuRewsewnenee Gen cen eewtaeen ses 
Pulsed DSI CUNO 6icexccen che nseneeseneeaccnsetanseceauwenenns 
Sate“ SOUICE VONEGS: oc icnccdescrenccdark cnedeenss esd dee seen ena Ees 


Maximum Power Dissipation 


TEES G ssa wik sinadatensectestwaperhadkansinninteawwadoiahes 
Above To = +25°C, Derate Linearly c.sscvsvcvccvscncnesenesscnsoss 
Operating and Storage Junction Temperature Range............eseeeeee 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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RFP2N18L RFP2N20L UNITS 
sqaxs Vos 180 200 V 
«s+ VOGR 180 200 V 
etree Ip 2 2 A 
Meee IDM & A 
eer Vas +10 +10 V 
ere. Pp 25 25 W 
be aw oan 0.2 0.2 W/°C 
TJ, TSTG -55to+150 -55to+150 °C 


File Number 2875 


Specifications RFP2N18L, RFP2N20L 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


SYMBOLS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Vas =0 —s = 
Gate Threshold Voltage VGSith) Ves=Vps:!p = 1mA Lt | 2 | Fon | 


Zero-Gate Voltage Drain Current Ipss Vos = 145V Le 1 — 
To = +1259C 
Vps = 145V 


LIMITS 
RFP2N18L RFP2N20L 


CHARACTERISTIC TEST CONDITIONS UNITS 


Vps = 160V 


Drain-Source On-Voltage VpS(on)* 
lo=2Aves==v | 
[Siaicbrai-Souce Onnessance | "osien _[lo=1Avos=ev | _ 


Vas = OV, Vps = 25V 
f= 1MHz 


Output Capacitance Coss 
Reverse Transfer Capacitance Crss 


p 


fs" 
Ip = 1A, Vpp = 100V 
RGEN=®, 
Turn-Off Delay Time 
Thermal Resistance Junction-to-Case Rec ae 


* Pulsed: Pulse duration = 300us max., duty cycle = 2%. 


Turn-On Delay Time td(on) 


5 ” 
2 S(SIalalol</<12 12/5 BIS|<I< 


se) 


LIMITS 
RFP2N18L RFP2N20L 


Source-Drain Diode Ratings and Characteristics 
CHARACTERISTIC UNITS 


an [wax] wn | Ma 
re ee 


Diode Reverse Recovery Time IF = 2A 200 (typ) | 200 (typ) {200 (typ) |200 (typ) 
djF/dt = 50A/us 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 


TEST CONDITIONS 
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RFP2N178L, RFP2N20L 
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Fig. 1 — Maximum operating areas for all types. 
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Fig. 2 — Power dissipation vs. temperature derating curve Fig. 3 — Typical normalized gate threshold voltage as a function 


for all types. of junction temperature for all types. 
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Fig. 4 — Normalized drain-to-source on resistance to Fig. 5 — Typical transfer characteristics for all types. 
junction temperature for all types. 
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RFP2N18L, RFP2N20L 


200 PULSE TEST 
3) PULSE DURATION=80 us 
DUTY CYCLE <2% ; 
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of drain current for all types. voltage for all types. ° 3 
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Fig. 10 — Typical forward transconductance as a function Fig. 11 — Switching Time Test Circuit. 


of drain current for all types. 
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RFP4NOS5L 
RFP4NO6L 


N-Channel Logic Level 


a? HARRIS 


August 1991 Power Field-Effect Transistors (L2FET) 
Features Package 
e 4A, 50V and 60V TO-220AB 
TOP VIEW 
* YDS(ON) = 0.82 
¢ Design Optimized for 5V Gate Drives DRAIN ——— 


EE 
(FLANGE) SOURCE 


© Can be Driven Directly from QMOS, NMOS, TTL Circuits | = DRAIN 


¢ Compatible with Automotive Drive Requirements 

e SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance : 
Terminal Diagram 


e Majority Carrier Device 
N-CHANNEL ENHANCEMENT MODE 


Description ‘ 
The RFP4NO5L and RFP4NO6L are N-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications such as_ switching regulators, switching 
converters, motor drivers, relay drivers and drivers for high- 
power bipolar switching transistors requiring high speed and G 
low gate-drive power. These types can be operated directly 
from integrated circuits. 
The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. S 
Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 
RFP4NO5L RFP4NO6L UNITS 
DIBIN-SOUICE VOSGES 4 ons caccsican pends bee RN eRe ese es KNe Hae Ree KEW EAS Ow eRS Ss Vos 50 60 V 
Drain-Gate Vollage (REGS =1M92) oii wiss secede awssc veces ces anaves ues eeous VDGR 50 60 V 
Continuous Drain Current 
Pres CIOS ainunce ae cee hacen ses exteed er aa zeds weve mew esi dew puadawaien Ip 4 4 A 
Pulsed Drain Cunent oss ccscs ceces vce ein cds ae tee ee ind 008 de ees cheese esas IDM 10 10 A 
eS OOINCe VONANS. odensavcsernntnedabbscebensanenes orndewaen shessaras Ves +10 +10 V 
Maximum Power Dissipation 
Te acest crcuckatenpenkcousprumorsicencseneiaatnigetadescaes Pp 25 25 Ww 
Above TG = 25°C, DSree INGEN! incite asdannnevcdnknnened sas ane dennesen see 0.2 0.2 W/°C 
Operating and Storage Junction Temperature Range...............0eee- TJ, TSTG -55 to +150 -55 to +150 oC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications RFP4NO5L, RFP4NO6L 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTIC SYMBOLS TEST CONDITIONS 


LIMITS 
RFP4NO5L RFP4NO6L 


UNITS 


Zero-Gate Voltage Drain Current 


To = +1259C 
Vos = 40V 


Gate-Source Leakage Current lass Vas =+10V, Vps =0 


Drain-Source On-Voltage VDS\(on)* 
p= 1A, = 


Thermal Resistance Junction-to-Case Ce Ee 


UD |UD 


fe) ” 


RGEN =, 
Res = 6.25V, Ves = 5V 


20 (typ) 


Source-Drain Diode Ratings and Characteristics 


SYMBOLS | TESTCONDITIONS | MIN | MAX | MIN | MAX | UNITS 
P- fw fT - fi 


CHARACTERISTIC 


Diode Forward Voltage 
Diode Reverse Recovery Time 150 (typ) | 150 (typ) [1 50 (typ) | 150 (typ) i 


djF/dt = 100A/pus 


* Pulse Test: Width < 300us, Duty Cycle < 2%. 
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Fig. 2 - Power dissipation vs. case temperature derating curve 
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Fig. 4 - Normalized drain-to-source on resistance vs. junction 


temperature for all types. 
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RFP4NO5L, RFP4NO6L 


|PULSE TEST 


eer DURATION= 8Ous 
DUTY CYCLE< 2% 
een Pll ag 25°C 


anneien 


i iis iit ce bite 
a | 


ri aed 


GATE SOURCE VOLTAGE 


PE RHE HE LEE 


Hae HEY 
Hg Pee SL os Se 
HHH ee ee ee 

sigh A 


Vos — Volts 
Ves— Volts 
DRAIN CURRENT (Ip)—A 


16) | 2 “37 is cy 6) — 
Ig (REF) - Ig (REF) DRAIN- TO-SOURCE VOLTAGE (Vps)—V 
Ig (ACT) Ig (ACT) 92CS-38173 
TIME — Microseconds 92CS-37631 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 


Refer to Harris application notes AN7254 and AN-7260. 
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HARRIS RFDZ7N10LE, RFD7N1IOLESM 
SEMICONDUCTOR RFP7N10LE 


7A, 100V, ESD Rated, Avalanche Rated, Logic Level 


February 1994 N-Channel Enhancement-Mode Power MOSFETs (MegaFETs) | 
Features Packaging 
e 7A, 100V JEDEC TO-220AB 
TOP VIEW 
e T DS(ON) = 0.300Q ——~ 


_ woo SOURCE 


e 2KV ESD Protected DRAIN 
(FLANGE) a DRAIN 
e Temperature Compensating PSPICE Model a GATE 
e Can be Driven Directly from CMOS, NMOS, TTL Circuits 
e Peak Current vs Pulse Width Curve gaig eae _ 
e UIS Rating Curve SOURCE 
e +175°C Operating Temperature LANGE) i=: DRAIN 
jos GATE 
Description 
The RFD7N10LE, RFD7N10LESM and RFP7NIOLE N- JEDEC TO-252AA 
Channel power MOSFETs are manufactured using the TOP VIEW 
MegaFET process. This process, which uses feature sizes 
approaching those of LSI integrated circuits gives optimum SOURCE 
utilization of silicon, resulting in outstanding performance. FUINGES DRAIN 
They were designed for use in applications such as switch- GATE 
ing regulators, switching converters, motor drivers, relay 
drivers and emitter switches for bipolar transistors. This per- 
formance is accomplished through a special gate oxide Ss bol 
design which provides full rated conductance at gate bias in ymbo 
the 3V to 5V range, thereby facilitating true on-off power con- D 
trol directly from logic level (5V) integrated circuits. 
The RFD7N10LE is supplied in the JEDEC TO-251AA plas- 
tic package, the RFD7N10LESM is supplied in the JEDEC 
TO-252AA plastic package and the RFP7N10LE is supplied 
in the JEDEC TO-220AB plastic package. Due to space limi- 
tations the RFD7N10LE and RFD7N10LESM are branded : 
7N10LE; the RFP7N10LE is branded FP7N10LE. 
When ordering use the entire part number; e.g. RFD7N10- 
LESM. 
Ss 
Formerly developmental type TA49046. 
Absolute Maximum Ratings (T, = +25°C) 
RFD7N10LE, 
RFD7N10LESM, RFP7N10LE UNITS 

DS SONICS VONEOE cade canvwad dneed ecu een sews enbomdwun a cad eanws Voss 100 V 
DIGiN Gale VOUSGG i 6s occ vene asec aso n00 Ooo 808 £058 0d ERE ER ORES ODE Vocer 100 V 
StS BOUICS VOUKGS. cans cede nase chanad es shins Koes Kes AEH EOWA Dee RR Ves +10, -8 V 
Drain Current 

PS ONUIOUS 6.6 cca chews ied Cearnnee need senene eed avene cessor Ip 7 A 

Pulsed Drain OTGRti cs ccc cx cascc cscs seas ease eens ee tee een ees OwEOS lom Refer to Peak Current Curve 
Pulsed Avalanche HaUAG ci as csss nd endewsnsnsseue Ee eh ererw ses sare eens Eas Refer to UIS Curve 
Power Dissipation 

(To = +25°C) sigs shah ia EE SSS GV Gy Ohare @ Breer sree SM Sra E i Aw @ Gon Ge Cw ww Susvere wile wie Pp 47 W 

DMA BOING Se Cnn sors cnc ner ban ene ce koeern ph bew eae ai Re eane Py 0.318 WPC 
Electrostatic Discharge Rating, MIL-STD-883, Category B(2)................ ESD 2 KV 
Operating and Storage Temperature. ....... 0... 0c cece nee eee eens Tst@,Ty -55 to +175 °C 

Copyright © Harris Corporation 1994 File Number 3598 
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Specifications RFD7N10LE, RFD7N10LESM, RFP7N10LE 


Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITIONS 


Ip = 0.25MA, Vag = OV 
Ves = Vos: Ip = 0.25mA 

oe Cr 
[toon 


LIMITS 


a 


PARAMETERS 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


= 


On Resistance DS(ON) Ip = 7A, Ves = 5V 


Turn-On Time Vop = 50V, Ip = 7A 
R, = 7.10, Vgg = 5V 
Turn-On Delay Time Res = 2.5 
Rise Time pote | 
Turn-Off Delay Time 23 
Fall Time 8 
Turn-Off Time 
Total Gate Charge 150 nc 
Gate Charge at 5V 67 nc 
Threshold Gate Charge 3.7 4.5 nc 


> 
Oo 


. 


Plateau Voltage Ip = 7A, Vos = 15V 
Input Capacitance Vos = 25V, Ves = OV 
f = 1MHz 
Output Capacitance 
Reverse Transfer Capacitance 
Thermal Resistance Reso 
Junction to Case 
Resa TO-251 and TO-252 Package 
TO-220 Package 


at 


360 


ao) 
aa 


sysfst<lefe fale] fe te]e]=l<tsts]s]-[ela 


°C/W 


Thermal Resistance 
Junction to Ambient 


© 
v 


‘|: 


Source-Drain Diode Specifications 
LIMITS 


PARAMETERS SYMBOL TEST CONDITIONS 


oe 


Reverse Recovery Time 
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RFD7N10LE, RFD7N10LESM, RFP7N10LE 


Typical Performance Curves 


Ip, DRAIN CURRENT (A) 


Ip, DRAIN CURRENT (A) 


OPERATION IN THIS 
AREA MAY BE 
LIMITED BY rpsyon) 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 1. SAFE OPERATING AREA CURVE 


25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 


Ip, DRAIN CURRENT (A) 


TEMPERATURE 


PULSE DURATION = 250p8 To =+25°C 


0 1.5 3.0 45 6.0 7.5 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


NORMALIZED 
THERMAL RESPONSE (Zajc) 


0.01 


20 
| TRANSCONDUCTANCE 
MAY LIMIT CURRENT 
| IN THIS REGION 


’ OBA 
Tt 


FOR TEMPERATURES | lll 
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CURRENT AS FOLLOWS: 
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t, PULSE WIDTH (ms) 


FIGURE 4. PEAK CURRENT CAPABILITY 


lp, PEAK CURRENT CAPABILITY (A) 


Vpp = 15V 


PULSE TEST 
PULSE DURATION = 250s 
DUTY CYCLE = 0.5% MAX 
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ID(ON)» ON STATE DRAIN CURRENT (A) 
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Vgs, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


RFD7N10LE, RFD7N10LESM, RFP7N10LE 


Typical Performance Curves (Continued) 


PULSE DURATION = 250u8, Vgg = 5V, Ip = 7A Ves =Vps, Ip = 250A 
g 2.0 
: 
1.5 
Z : 
4 ; 
Qa 
N = 41.0 
< E 
= o 
5 a 
= : 0.5 
= 
S 0.0 
80 -40 0 40 80 120 160 200 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 7. NORMALIZED Rpsion) vs JUNCTION FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE TEMPERATURE 
Ip = 250nA 
Ww 2.0 
S 
fe 4 
a | 
gy 1.5 2 
25 3 
25 4 
a> x 
ug 1.0 FE 
=I-) S ” 
=< a E 
a4 ra ool Lu 
Op 0.5 ec LW i 
z wi > v”) 
j ; iS 
> a O = 
2 0.0 f =o 
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Ty, JUNCTION TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) ° 3 
FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN FIGURE 10. NORMALIZED POWER DISSIPATION vs a. 
VOLTAGE vs TEMPERATURE TEMPERATURE DERATING CURVE 


Vgs = 0V FREQUENCY (f) = 1MHz 


5.00 
= S 
g 4 
3.75 & 
; 
wW > g 
(6) w w 
= rs) Oo 
< & 250 & 
2 9 fe) 
a ' ” 
< 4 Ww 
© < Be 

‘i ce 

sd G Ry = 14.280 — 
n IG(REF) = 0.24mA G 
£ Ves = 5V = 

0.00 


lg (REF) lg (REF) 
———— 1, TIME (us) 80 ——— 
G(ACT) G (ACT) 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs DRAIN -TO-SOURCE FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
VOLTAGE CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RFD7N10LE, RFD7N10LESM, RFP7N10LE 


Typical Performance Curves (Continued) 
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FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 
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FIGURE 16. RESISTIVE SWITCHING WAVEFORMS 
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FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 
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DUT 
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FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 


RFD7N10LE, RFD7N10LESM, RFP7N10LE 


PSpice Model Listing 
Temperature Compensated PSPICE for the RFD7N10LE, RFD7N10LESM, RFP7N10LE 
SUBCKT RFD7N10LE 213; rev 6/2/93 
DPLCAP 


CA 12 8 1.102e-9 , 10 5 DRAIN 
CB 15 14 1.157e-9 


LDRAIN 2 
CIN 6 8 0.370e-9 
RSCL1 
DBODY 7 5 DBDMOD RSCL2 + 51 DBREAK 
DBREAK 5 11 DBKMOD (3) ESCL 


DESD1 91 9 DESD1MOD 
DESD2 91 7 DESD2MOD ” 
DPLCAP 10 5 DPLCAPMOD ESG (2 RDRAIN 


EBREAK 11 7 17 18 115.8 + VTO, epREAK(.Z) 
EDS 14858 1 
EGS 138681 
ESG 610681 
EVTO 206 188 1 


IT 817 1 


LDRAIN 25 1e-9 
LGATE 1 9 3.58e-9 
LSOURCE 3 7 3.82e-9 S1AG =O S2A RBREAK 


12 15 
13 
MOS1 16 6 8 8 MOSMOD M=0.99 i 
MOS2 16 21 8 8 MOSMOD M=0.01 S1BF ws ? S2B 


RBREAK 17 18 RBKMOD 1 nae a Onn 
RDRAIN 50 16 RDSMOD 136.9e-3 + + 
RGATE 9 20 7.61 EGS (-£-) EDS 2.) = VBAT 
RIN 6 8 1e9 ; * 
RSCL1 5 51 RSLVCMOD 1e-6 

RSCL2 5 50 1e3 

RSOURCE 8 7 RDSMOD 84.4e-3 

RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
S1B 13 12 13 8 SiBMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.444 


ESCL 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)* 1e6/(15.5),7.25))} 


.MODEL DBDMOD D (IS=5.07e-14 RS=1.37e-2 TRS1=1.72e-3 TRS2=-1.59e-6 CJO=2.57e-10 TT=3.84e-8) 
.MODEL DBKMOD D (RS=2.32e-1 TRS1=6.50e-4 TRS2=1.72e-6) 

MODEL DESD1MOD D (BV=13.0 TBV1=2.2e-4 TBV2=0 RS=49 TRS1=0 TRS2=0) 
.MODEL DESD2MOD D (BV=11.7 TBV1=-5.5e-4 TBV2=-8.5e-7 RS=0 TRS1=0 TRS2=0) 
.MODEL DPLCAPMOD D (CJO=0.184e-9 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=2.045 KP=14.07 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=1.13e-3 TC2=4.74e-8) 

.MODEL RDSMOD RES (TC1=7.45e-3 TC2=2.68e-5) 

.MODEL RSLVCMOD RES (TC1=1.75e-3 TC2=0) 

.MODEL RVTOMOD RES (TC1=-2.73e-3 TC2=-5.46e-6) 

MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-4.35 VOFF=-1.75) 

-MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-1.75 VOFF=-4.35) 

-.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-1.75 VOFF=3.50) 

MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=3.50 VOFF=-1.75) 


.ENDS 
NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFET 
Featuring Global Temperature Options; IEEE Power Electronics Specialist Conference Records 1991. 
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RFM8N18L/20L 
RFP8N18L/20L 


N-Channel Logic Level 


iat HARRIS 


August 1991 Power Field-Effect Transistors (L?FET) 
Features Package 
TO-204AA 
e 8A, 180V and 200V BOTTOM VIEW 
® TDS(ON) = 0.52 DRAIN 
( ) ~~ | SOURCE (FLANGE) 
e Design Optimized for 5V Gate Drives 
e Can be Driven Directly from QMOS, NMOS, TTL Circuits 
© Compatible with Automotive Drive Requirements 
e SOA is Power-Dissipation Limited GATE 


® Nanoscecond Switching Speeds 


e Linear Transfer Characteristics 


TO-220AB 
® High Input Impedance TOP VIEW 
e Majority Carrier Device DRAIN aaa 
i ————_—— 
(FLANGE) ee 
. . —_—— 
Description | GATE 
The RFM8N18L and RFM8N20L and the RFP8N18L and 
RFP8N2O0L are N-channel enhancmement-mode silicon-gate 
power field-effect transistors specifically designed for use with 
logic level (5V) driving sources in applications such as pro- Terminal Diagram 
grammable controllers, automotive switching and solenoid 
drivers. This performance is accomplished through a special N-CHANNEL ENHANCEMENT MODE 
gate oxide design which provides full rated conduction at gate D 


biases in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic circuit supply voltages. 


The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO- 
220AB plastic package. 


Absolute Maximum Ratings (TG = +25°9C) Unless Otherwise Specified 


RFM8N18L RFM8N20L RFP8N18L RFP8N20L UNITS 


Oran Source VONSOE 1c ive cise d cane ae adw ese was Vos 180 200 180 200 Vv 
Drain-Gate Voltage (RGS =1MN)............ VDGR 180 200 180 200 V 
Continuous Drain Current 

AMS COMO vac snk cec ux eiens Sve dee eek ae Ip 8 8 8 8 A 

PUIGEC DEIN CANTOR 6 ccc daw cacddcwwes coo saws IDM 20 20 20 20 A 
Gate—Source Voltage wis 0ss cxanencsen aca nwe Ves +10 +10 +10 +10 V 
Maximum Power Dissipation 

TG ee weidecvnnes sca chee eeanee ueeennes Pp 75 2 60 60 W 

Above Tc = +259C, Derate Linearly .............. 0.6 0.6 0.48 0.48 W/°C 
Operating and Storage Junction ........... TJ, TSTG -55 to +150 -55 to +150 -55 to +150 -55 to +150 oC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications RFM8N18L, RFM8N20L, RFP&8N78L, RFP8N20L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25° C unless otherwise specified. 


LIMITS 


TEST RFMSN18L RFM8N20L 
CHARACTERISTIC SYMBOL | CONDITIONS RFP8N18L Repsn2o. «| UNITS 


Ves=0 
Gate Threshold Voltage Ves(th) Ves=Vos 1 2 1 2 V 
Ip=1 mA 
Zero Gate Voltage Drain Current Vos=145 V 1 _ a 
Vps= 160 V = = 1 
C 
0 


Tc=125° LA 
Vps= 145 V o) a 
Vps=160 V = 50 


Drain-Source On Voltage 


Static Drain-Source On Resistance er ee | 
Forward Transconductance poe 2 


Input Capacitance 


Output Capacitance 
Reverse-Transfer Capacitance 


ele al al a 
es ee 
| — | 900 | — | 900 | 


[= [250 | — [250] pF 
[120 [F120 
" 


Thermal Resistance RFM8N18L, 1.67 1.67 
Junction-to-Case RFM8N20L ' 
RFP8N18L, ak 2.083 [= | 2.083 | C/W 


RFP8N20L 
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*Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


RFM8N18L RFM8N20L 
SYMBOL RFP8N18L RFP8N20L UNITS 


| MIN. | MAX. | 
[Diode Forward voltage | Vso | ts A | CO | 4 V 
) 


Reverse Recovery Time lr=4 A 250(typ 250(typ) 
die/d:=100 A/ 


*Pulse Test: Width < 300 us, duty cycle < 2%. 


TEST 
CONDITIONS 


CHARACTERISTIC 
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RFM8N178L, RFM8N20L, RFP8N78L, RFP8N20L 


18, CASE TEMPERATURE (Tc) = 25 °C 
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DRAIN-TO-SOURCE VOLTAGE - (Vps) - V 
92CM-37391 R1 


Fig. 1 — Maximum safe operating areas for all types. 
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Fig. 2 — Power vs. temperature derating curve for Fig. 3 — Typical normalized gate threshold voltage as a function 
all types. of junction temperature for all types. 
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ON-STATE DRAIN CURRENT (Ip (on)]—A 


TReRS See a 
0 GLEE E Eee 
ere oe Eo Sa 
JUNCTION TEMPERATURE (Ty )— °C GATE-TO- SOURCE VOLTAGE (Vgsg)-V 
92CS- 37220 92CS-37221 
Fig. 4 — Normalized drain-to-source on resistance to Fig. 5 — Typical transfer characteristics for all types. 


junction temperature for all types. 
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RFM8N178L, RFM8N20L, RFP8N18L, RFP8N20L 


Ry, = 258 
ig (REF) = 0.45 mA 
Ves=5V 


GATE 
SOURCE 
VOLTAGE 


Vos — Volts 
Ves — Volts 


Ig (REF) 


Ig (REF) 
80——_ 
Ig (ACT) Ig (ACT) 


TIME — Microseconds 92CS-37660 


Fig. 6 - Normalized switching waveforms for constant gate-current. 


Refer to Harris application notes AN7254 and AN-7260. 


PULSE DURATION =80us 
DUTY CYCLE <2% 


DRAIN-TO-SOURCE RESISTANCE Cos (on)) —OHMS 


0 5 10 15 20 25 30 


DRAIN CURRENT (Ip)-A 
92CS-37224 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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| 
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Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 


PULSE DURATION = 80yu8 
DUTY CYCLE < 2% 
CASE TEMPERATURE (Tc) = 25°C 


DRAIN CURRENT(I9)—A 


DRAIN-TO-SOURCE VOLTAGE (Vp )-V 
92CS-37223 


Fig. 7 — Typical saturation characteristics for all types. 


CAPACITANCE (C)—pF 


EC 
fe) eaee ae s——— Lat! ae 
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92CS- 37225 


Fig. 9 — Capacitance as a function of drain-to-source 
voltage for ali types. 
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Fig. 11 — Switching Time Test Circuit. 
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|) HARRIS 


August 1991 


Features 
e 10A, 120V and 150V 


* rDS(ON) = 9.32 
e Design Optimized for 5V Gate Drives 


RFM10N12L/15L 


Power Field-Effect Transistors (L2FET) 


e Can be Driven Directly from QMOS, NMOS, TTL Circuits 


¢ Compatible with Automotive Drive Requirements 


e SOA is Power-Dissipation Limited 
e Nanoscecond Switching Speeds 
e Linear Transfer Characteristics 

e High Input Impedance 


e Majority Carrier Device 


Description 


The RFM10N12L and RFM10N15L and the RFP10N12L and 
RFP1ON15L are N-channel enhancmement-mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv- 
ers, relay drivers and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO- 


220AB plastic package. 


RFP10N12L/15L 


N-Channel Logic Level | 


Package 
TO-204AA 
BOTTOM VIEW 


DRAIN 
"4 (FLANGE) 


O° oO 


SOURCE 


GATE 


TO-220AB 
TOP VIEW 


DRAIN ~—" 
E—————— 
(FLANGE) SOURCE 
| fe LI FUAIN 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


D 
: 
Ss 


Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 


Drain=Souree Vonage «ass ns ene cee evans seens ve Vps 
Drain-Gate Voltage (RGS = 1M) ............ VDGR 
Continuous Drain Current 

RMS Continuous: «sc ansscani ene neees nnewe wae s ID 

Pulsed Drain Current...cs cia cess scans saesvees loM 
GR" BOUNCE VOUEGS cic cin cn extasers canna oe Vas 
Maximum Power Dissipation 

TO 42586 sscsccsanewevasies csensescaw cess Pp 

Above Tc = +259C, Derate Linearly ............. 
Operating and Storage Junction ........... TJ, TSTG 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Copyright © Harris Corporation 1991 


RFM10N12L 
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-55 to +150 
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RFM10N15L RFP10N12L RFP1O0N15L UNITS 
150 120 150 V 
150 120 150 V 
10 10 10 A 
25 25 25 A 
+10 +10 +10 V 
75 60 60 W 
0.6 0.48 0.48 W/9C 
-55 to +150 -55 to +150 -55 to +150 oC 
File Number 1559.1 


Specifications RFM10N12L, RFM10N175L, RFP10N72L, RFP1ON175L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25°C) unless otherwise specified 


LIMITS 
UNITS 


TEST 
CONDITIONS 


RFM10N12L RFM10N15L 
RFP10N12L RFP10N15L 


CHARACTERISTIC SYMBOL 


ee eee ee 

Voltage Ves = 

stom Te 
ln=2mA 

Current Vos = 120 V — 1 

To = 125°C HA 
Vos = 100 V 50 — 
Vos = 120 V — 50 


Vos =0 


Drain-Source On Voltage Vosion@ 


Resistance = 
Lado! Transconductance = 4.0 
Input — 
Output Capacitance 
Reverse-Transfer Capacitance 
Turn-On Delay Time tation) 
Rise Time 135 50(t 135 

5 ey a | 135 | Solty) | 135 | 


Thermal Resistance "' REM10N12L, tae | - Ler 
Junction-to-Case RFM10N15L °C/W 
pee Weare 2.083 2.083 
RFP10N15L 
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SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


RFM10N12L 
RFP10N12L 


RFM10N15L 
RFP10N15L 


secntormsvone [we | wre [|e] — pw 
Reverse Recovery Time a lp = 4A, dir/d: = 100 A/us 150 (typ.) 150 (typ.) 


4 Pulse Test: Width < 300 us, Duty cycle < 2% 


CHARACTERISTIC 


Ns 
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RFM10N172L, RFM10N175L, RFP10N172L, RFP70N75L 


(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
«4 TEMPERATURE) 
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92CM- 38155 


Fig. 1 - Maximum safe operating areas for all types. 


POWER DISSIPATION (P7)-—W 
NORMALIZED GATE THRESHOLD VOLTAGE 


PERATURE (Te )— 
CASS TEMPERSIUEE OTC «ne casne JUNCTION TEMPERATURE (T,) —°C 


92CS- 38158 


Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 


PULSE TEST 


PULSE DURATION =80us 
DUTY CYCLE < 2% 
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ON-STATE DRAIN CURRENT [Ipon]—A 


BS 
-50 ) 50 100 150 
JUNCTION TEMPERATURE (Ty)~ °C GATE-TO-SOURCE VOLTAGE (Vgs) -V 
92CS-38159 92CS- 38160 
Fig. 4 - Normalized drain-to-source on resistance vs. junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFM10N12L, RFM10N15L, RFP10N12L, RFP1ON15L 


150 


I6/PULSE TEST 
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o o | 
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oO 
37.5 z 
a 
(a) 
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Ig (REF) Ig (REF) 
Ig (ACT) Ig (ACT) DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
TIME — Microseconds 9205-37654 92CS-3B8161 
Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 - Typical saturation characteristics for all types. 
Refer to Harris application notes AN7254 and AN-7260. 
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Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 


current for all types. 
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et HARRIS RFDI2ZNO6RLE, RFD1I2NO6RLESM 


SEMICONDUCTOR 


January 1994 


Features 


RFP12NO6RLE 


N-Channel Logic Level Enhancement-Mode Power 
Field-Effect Transistors (MegaFETs) 


Packages 


e 12A, 60V 

® Tps(on) = 0.135 

e Electrostatic Discharge Rated 

e UIS SOA Rating Curve (Single Pulse) 
e Design Optimized for 5V Gate Drive 


e Can be Driven Directly from CMOS, NMOS, TTL Cir- 
cuits 


¢ Compatible with Automotive Drive Requirements 
¢ SOA is Power-Dissipation Limited 

e Nanosecond Switching Speeds 

e Linear Transfer Characteristics 

¢ High Input Impedance 


e Majority Carrier Device 
Description 


These N-channel logic-level ESD protected power MOS- 
FETs are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, result- 
ing in outstanding performance. They were designed for use 
with logic-level (5V) driving sources in applications such as 


RFD12NO6RLE (TO-251) 
TOP VIEW 


SOURCE 
DRAIN 
TAB DRAIN 
GATE 


RFD12NO6RLESM (TO-252) 


TOP VIEW 
SOURCE 
ko DRAIN 
GATE 
RFP12NO6RLE (TO-220AB) 
TOP VIEW 


DRAIN —a 
(eee 
(FLANGE) SOURCE 
[+ DRAIN 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


programmable controllers, automotive switching, switching D 
regulators, switching converters, motor drivers, relay drivers 
and emitter switches for bipolar transistors. This perfor- 
mance is accomplished through a special gate oxide design 
which provides full rated conductance at gate biases in the m 
3V - 5V range, thereby facilitating true on-off power control 
directly from logic circuit supply voltages. 
The RFD12NO6RLE is supplied in the JEDEC TO-251, 
RFD12NO6RLESM in the JEDEC T0-252, and RFP12N06- 
RLE in the JEDEC TO-220AB plastic package. Ss 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
UNITS 
DFSIN-SOUICS VOUNAQS cccecccccd a eoa¥ end twads ce OeNee deb 14 hots dvs O KGa de ReOS Vos 60 V 
Drain-Gals Voltage (Rag 1M) cuccoveuncsxceeceeewnenenteeeeeewwaeaeewnnnes VocrR 60 V 
Continuous Drain Current 
Pier ORONO Sane have eoausnnden Goadneh ieee ea 48065 DORA Secu veeuees banea Ip 12 A 
PHSed DEIN CONCH cscccccsecnnne ed bn edd e Red Ose 4 RETR TSAR OEE DD EE OREO ROO® lom 26 A 
RR Oe VENI ic cccewsbncr eos skbetadadskdakes ashes Ghbuseceses whescus Ves +10 -5V 
Maximum Power Dissipation 
We goa ps epeducsaeuess haves receonenecoedeategescaeurstinssseruees Pp 40 Ww 
Above Tc. = +25°C, Derate Linearly... 1... kee cece ccc tence teen eeeeee 0.32 WPC 
Single Pulse Avalanche Rating, Refer to UIS SOA Curve Electrostatic Discharge Rating, 2 KV 
BSD, MiL-S1T D853, CHOON BZ) occ ccnav cecccnevaeeennenew kane sens eeemanes aes 
Operating and Storage Junction Temperature Range.......... ce eee eee eee eee Tj, Tstg -55 to +150 °C 
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File Number 2407.2 


Specifications RFD12NO6RLE, RFD12NO6RLESM, RFP12NO6RLE 


ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 25° C Unless Otherwise Specified 


LIMITS 


RFD12NO6RLE 
RFD12NO6RLESM 


CHARACTERISTIC 


Drain-Source BVoss 
Breakdown Voltage 


Gate Threshold Vesith 
Voltage 


Zero Gate Voltage lpss 
Drain Current 


Gate-Source lass 
Leakage Current 


On Resistance 'Dsion) 


Turn-Off Time tort) 


Total Gate Qgttor 
Charge 


Gate Charge 


Qgis) a 


Threshold Gate Qoitth) 
Charge 


Plateau Voltage V plateau) 


Turn-Off Energy Ett 
Loss per Cycle 


Thermal Resistance 
Junction to Case 


Thermal Resistance 
Junction to Ambient 


Reverse Recovery 
Time 


RAJA TO-251 & TO-252 packages 
TO-220 package 
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Forward Voltage Vsp Iso = 12A 
tre 


TEST CONDITIONS 
RFP12NO6RLE 


Ip = 0.25 mA 
Ves =0OV 


Ves = Vos 
Ip = 0.25 mA 


Vos = 60 V, Ves = 0 V 
Tc = 150°C 


Ves = +10 V 
Ves =-5V 


Ves = 5.0 V, Ip = 12A 
Ves = 4.0 V, lb =12A 


See Fig. 13 
Vpn = 30 V, ID=6A 

Ri. =5.0Q 

Igi =Ig2=0.4A 
Vasiciamp)= +5 V, -0.6 V 


12 (typ 
20 (typ 
24 (typ 
12 (typ) 


— 


Ves = 0-10 V 


Ves =0-1V 


Ip = 12 A, Vos = 15 V 


Vpn = 30 V, ID=6A 

L=0.2 uH, Ig1 =Ig2=0.4A 
Vesiciamp) = +5.0 ¥. -0.6 V 

Ri. =5.0Q9 


lr =12A 
di-/dt = 100 A/us 


—_ 
— ji — 
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RFD12NO6RLE, RFD12NO6RLESM, RFP12NO6RLE 


CASE TEMPERATURE (TC)=25degC 
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Fig. 1 - Safe-operating area curve. (Curves must be derated Fig. 2 - Unclamped-inductive-switching. Safe-operating-area. 
linearly with increase in case temperature. ) (Single pulse UIS SOA.) 
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Fig. 5 - Typical saturation characteristics. Fig. 6 - Typical transfer characteristics. 
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RFD12NO6RLE, RFD12NO6RLESM, RFP12NO6RLE 


Vds=15V Id=12A 25 Vgs=5V_ Id=12A 


2.0 


NORMALIZED Rads(on) 
NORMALIZED Rds(on) 


0.5 


°50 0 50 100 150 
Vgs ~ VOLTS) JUNCTION TEMPERATURE (Tj)-degC 


Fig. 7 - Normalized ros(ON) vs. Vgs. Fig. 8 - Normalized rosiom vs. junction temperature. 
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Fig. 9 - Normalized gate threshold voltage vs. temperature. Fig. 10 - Normalized drain source breakdown voltage vs. 
temperature. 


Vgs=O0V FREQUENCY (f=1MHz 60 


7 


. = 10 
RL=5.0 OHMS 


QREFE 0.25mA 
Vgs= 5V 


45 


Vds-VOLTS 
w 
oO 
Vgs-VOLTS 


CAPACITANCE (C)-pf 


Ig(REF) 80 Ig(REF) 
DRAIN-TO-SOURCE VOLTAGE (Vds)-V 20 IgACT) TIME-MICROSECONDS igacn 


Fig. 11 - Typical capacitance vs. voltage. Fig. 12 - Typical switching waveforms for constant gate current. 
Refer to Harris application notes AN7254 and AN-7260. 
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RFD12NO6RLE, RFD12NO6RLESM, RFP12NO6RLE 


VoD . 
= | 
| = at ott 
RL td(on)—™ <+ td (off) —e 
—e—tr —— to ty 
90% \ V | VDD 
Vos © OS 90% 
D 
Tg, 7 Ig, r 
rt 
0 
SWITCHING TEST CIRCUIT SWITCHING WAVEFORMS 


Fig. 13 - Resistive switching. 


PULSE WIDTH ——~ 


SWITCHING WAVEFORMS 


Fig. 14 - Resistive switching. 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Ves= ‘ov Ftp 


Fig. 15 - Unclamped inductive switching test. 
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=) HARRIS RFM12NO8L/10L 
RFP12NO8L/10L 


N-Channel Logic Level 


August 1991 Power Field-Effect Transistors (L2FET) 
Features Package 
TO-204AA 
* TDS(ON) = 0.22 DRAIN 
SOURCE 
e Design Optimized for 5V Gate Drives / (FLANGE) 


© Can be Driven Directly from QMOS, NMOS, TTL Circuits 

® Compatible with Automotive Drive Requirements © 
e SOA is Power-Dissipation Limited GATE 

® Nanoscecond Switching Speeds 


e Linear Transfer Characteristics 


TO-220AB 
® High Input Impedance TOP VIEW 
e Majority Carrier Device DRAIN _— "| 
E— 


D : . > DRAIN 
escription | CATE 


The RFM12NO8L and RFM12N10L and the RFP12NO8L and — 
RFP12N10L are N-channel enhancmement-mode silicon- 
gate power field-effect transistors specifically designed for 


use with logic level (5V) driving sources in applications such as Terminal Diagram 

programmable controllers, automotive switching and solenoid 

drivers. This performance is accomplished through a special N-CHANNEL ENHANCEMENT MODE 
gate oxide design which provides full rated conduction at gate D 


biases in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic circuit supply voltages. 


The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO- 
220AB plastic package. G 
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Because of space limitations branding (marking) on type 
RFP12NO8L is F12NO8L and on type RFP12N10L is 
F12N10L. S 


Absolute Maximum Ratings (TC = +25°9C) Unless Otherwise Specified 
RFM12NO8L RFM12N10L RFP12NO8L RFP12N10L UNITS 


Draliv Source VONAGE «onesies caeescewansine ones Vos 80 100 80 100 V 
Drain-Gate Voltage (RGS = 1MM)............ VDGR 80 100 80 100 V 
Continuous Drain Current 

AMS OONUMIOUG « vs asenns cxenanen aowas dae nue Ip 12 12 12 12 A 

Pulsed Drain Current..sccvescs csasanse wes vs IDM 30 30 30 30 A 
Gale-Source VONSGS 2.22.00 csenscersnerecens Vas +10 +10 +10 +10 V 
Maximum Power Dissipation 

TES F2BP6 cc css seese ees veces tween semess aos Pp 75 75 60 60 W 

Above Tc = +25°9C, Derate Linearly ............. 0.6 0.6 0.48 0.48 W/°C 
Operating and Storage Junction ........... Typ 1STG -55to+150 -55to+150 -55to+150 -55to+150 °C 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Fil ‘é 
Copyright © Harris Corporation 1991 e Number 1 31 < 1 
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Specifications RFM12NO8L, RFM12N10L, RFP12NO8L, RFP12N10L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25° C unless otherwise specified. 


LIMITS 


CHARACTERISTIC _ReeraNoa _aretan UNITS 


Drain-Source Breakdown Voltage | ae Ip=1 mA Pee 
Ves=0 
Gate Threshold Voltage Ves( oe Vas=Vps tt 
Ip= 1mA 
Zero Gate Voltage Drain Current loss Vps=65 V i] 
Vps=80 V 
Tc=125°C 
Vps=65 V 
Vps=80 V 
Gate-Source Leakage Current aw [a V 
[a 0 


Drain-Source On Voltage mae on)? lp= . A 


Static Drain-Source On Resistance lps (on)* 
Vese 5V 
Ip= -6 A 


TEST 
CONDITIONS 


SYMBOL 


oo oe 
a 325 | pF 
[essere cxpssanes |e eae I Oe 
| 15(typ) | 50 | 15(typ) | 50 
eine 
anne 


Thermal Resistance 
Junction-to-Case 


R@c RFM12NO08L, 1.67 1.67 
RFM12N10L 
RFP12NO8L, 2.083 2.083 
RFP12N10L 


“Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
RFM12N08L RFM12N10L 
Diode Forward Voltage }—¥se_}_so=8.A_ Iso=6 A Fo — [| 14 | — | 14 | 


Reverse Recovery Time lr=4A 150(typ) 150(typ) 
di-/d,=100 A/us 


“Pulse Test: Width < 300 us, duty cycle < 2%. 


TEST 


SYMBOL CONDITIONS 
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RFM12NO8L, RFM12N10L, RFP12NO8L, RFP12N170L 


CASE TEMPERATURE (Tc )= 25°C eee eee 


(CURVES MUST BE DERATED ae 
LINEARLY WITH INCREASE 
IN Medanleth Le 


100 


HH 


cet sirens eas 
a8 


EE 
{ 
t 
$ 
ca 
i t Be sess: 
pit 
Ve EE EEEETGEE Ee 
FS 38 be oe att 
H SES8S: t H 
HARNERE EE = 
Ses : 
3 
a 
HT A 
e008! TTI 
Pub Te a 


= REGION IS LIMITED == 
oe BY Fg (on) 


DRAIN CURRENT (Ip)—A 


100 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-37392 


Fig. 1 — Maximum operating areas for all types. 


30H+4 mo aH M 
HH RFPI2NO8L ae meas 


LOGIC LEVEL 
POWER MOSFETs 


POWER DISSIPATION (P_)—W 
NORMALIZED GATE THRESHOLD VOLTAGE 


HH 
OR ec ee eee 


JUNCTION TEMPERATURE (Ty)-—°C 


92CS-37393 


92CS-37211 
Fig. 2 — Power dissipation vs. temperature derating curve Fig. 3 — Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 


Vos* lov 

PULSE TEST 

PULSE DURATION =80ys 
DUTY CYCLE < 2% 


[rps (on)] 


ON- STATE DRAIN CURRENT LIp(on)]-A 


WW 
Oo 
a 
> 
ro) 
r 
ce) 
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ra) 
Ww 
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ON RESISTANCE 


je 
-50 0 50 100 150 3 Z 
JUNCTION TEMPERATURE (T))—°C Fic 
aie canei GATE - TO-SOURCE VOLTAGE ( Vgc) —V 
: F ; j 92CS- 37213 
Fig. 4 — Normalized drain-to-source on resistance to 
junction temperature for all types. Fig. 5 — Typical transfer characteristics for all types. 
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RFM12NO8L, RFM12N10L, RFP12NO8L, RFP12N10L 


100 


GATE SOURCE 
VOLTAGE 


Yoo = Yoss 


Vos — Volts 
Ves — Volts 


TIME — Microseconds 92CS37643 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 


V6s =+5V 
PULSE TEST 


PULSE DURATION =80us Hf 
DUTY CYCLE < 2% 


—OHMS 
fo) 
Nm 


Crps(on)] 


DRAIN-TO-SOURCE ON RESISTANCE 
°o 


10 15 20 25 
DRAIN CURRENT (Ip )—A 
92CS- 37216 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 
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coo coo 
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Coo Vos *!0V 


COC 
aene sane PULSE TEST 


FORWARD TRAN SCONDUCTANCE (gfs)—mho 


DRAIN CURRENT(Ip)—A 
92CS-37218 


Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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90! PULSE TEST 
PULSE DURATION=80 us 
DUTY CYCLE < 2% 
CASE TEMPERATURE (Tc) =25°C 


30 ee ee 
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V.4aar aD 
CA Le | 
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< 
A 
fo) 
H 
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DRAIN-TO- SOURCE VOLTAGE ( Vps)—V 
92CS- 37215 


Fig. 7 — Typical saturation characteristics for all types. 


a 
FREQUENCY (f) = 1 MHz H 
auee a 


CAPACITANCE (C)—pF 


10 20 30 40 
DRAIN- TO- SOURCE VOLTAGE (Vpg)-V 
92CS-37217 


Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 


8.30 


12.52 y 


D 
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Fig. 11 — Switching Time Test Circuit. 


| HARRIS RFD14N05L/05LSM 
RFP14NO05L 


N-Channel Logic Level Enhancement-Mode 


June 1992 Power Field-Effect Transistors (MegaFETs) 
Features Packages 
¢ 14A, 50V RFD14NO5L 
TO-251 
* rDS(on) = 0.1002 TOP VIEW 


e UIS SOA Rating Curve (Single Pulse) Pe COU RCE 
e Design Optimized for 5V Gate Drive oR > pRAIN 
® Can be Driven Directly from CMOS, NMOS, TTL Circuits Re GATE 


© Compatible with Automotive Drive Requirements 


¢ SOA is Power-Dissipation Limited RFD14NO5LSM 
‘ . TO-252 
¢ Nanosecond Switching Speeds TOP VIEW 
e Linear Transfer Characteristics 
‘ SOURCE 
@ 
High Input Impedance Ce DRAIN 

¢ Majority Carrier Device GATE 

© Operating TEMPSrature ciccsaccasisacsvcdasns +150°9C 

Description RFPTANOSL 
TO-220AB 

The RFD14NO5L, RFD14NO5LSM and RFP14NO5L N-Chan- TOP VIEW 


nel logic level power MOSFETs are manufactured using the 


MegaFET process. This process, which uses feature sizes ap- (aaNet  ————— SOURCE 
proaching those of LSI integrated circuits gives optimum utili- a DRAIN 
zation of silicon, resulting in outstanding performance. They L. GATE 


were designed for use with logic-level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, switching regulators, switching converters, motor Terminal Diagram 
relay drivers, and emitter switches for bipolar transistors. This 
performance is accomplished through a special gate oxide de- 
sign which provides full rated conductance at gate biases in D 


the 3V - 5V range, thereby facilitating true on-off power control 

directly from logic circuit supply voltages. 

The RFD14NO5L is supplied in the JEDEC TO-251 plastic 

package, the RFD14NO5LSM in the JEDEC TO-252 plastic 

package and the RFP14NO5L in the JEDEC TO-220AB plastic G 

package. 
PIC/RF/ 
D14NOSL/ 


FN224604.gem & 


‘e 
my HW 
~~ 
ie) 
= 
Og 
Ow 
Os 
ak ©) 
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N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


UNITS 

DYSIN=SOUICS VONAGG 5 occ enc cns cscns caves cee seenseneeecedene nts on Basi as Ouse Vos 50 V 
Drain=Gate Voltage (AGS = TIMED) a sscicacine coennens wreceennsenend sae be ee nae ees VDGR 50 V 
Continuous Drain Current 

AMS GCOminuOus. sscaicoes oes voean crane ore tnsteeee ce none sanns cou Reene tee eaeees Ip 14 A 

Pulses BPG CWE isc sxe cnc csnee ces tne sevadnsenesecauesesee ses cs taeaseaeaes lpm 35 A 
Gate-Source VORAGe ss scscsccs senor nekesdss see ee ae eneheeeneent ane Rae ee meRe Re Ves +10 V 
Maximum Power Dissipation 

TSS REE C wits deci aceocwes deeded cveeradwntansndenesreonsnavacsasetengeiestes Pp 40 W 

Above To = +25°C, Derale LINGANY .vcccncccnedcensnseneeeweewenn nee en ane tn eee nee 0.32 W/°C 
Single Pulse Avalanche Rang xccsacecosen vawnewoseenseews ses 05s. bus Keene eons oernee Refer to UIS SOA Curve 
Operating and Storage Junction Temperature Range..........cce eee eee eneee Tp (ste -55 to +150 oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2246.1 


Copyright © Harris Corporation 1992 
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Specifications RFD14NO5L, RFD14NO5LSM, RFP14NO5L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25° C Unless Otherwise Specified. 


CHARACTERISTIC TEST CONDITIONS 
awa] NTS 

lb = 0.25 MA, Vas = 0 V et 
Gate- Threshold Voltage Ves(th) 

‘ Vos = 40 V, Ves =OV PF oo tT 
Zero-Gate Voltage Drain Current loss Te = 150°C SSS 
Ves=#10V,Vos=oV | — | 100 | 1A 

ee | 0.1 

Static Drain-Source On-Resistance ros(ON) A Bg 
Turn-On Time t(on) Voo = 25V,Ib=7A | = | 60 | 
lar = Ip2 = 0.4 A | = | 13 (typ) 
Ves(clamp) +5V,-0.6V =|  — | 24 (typ) | 
Ri = 3.57 0 |_| 42 (typ.) | 
Fall Time ty (See Figs. 10 & 11) | = — | 16 (typ.) 
ee ee 
Total Gate Charge Q,(total) | Ves=0-10V | — | 40 
| Ves=O-5V | — | 25 | nc 
Threshold Gate Charge Qo(th) . | Ves=O-1V | of 15 
[Plateau Voltage (plateau)| to = 14 A Vos=15V | OT 


Von = 25 V, lp=7A,L=0.2 pH, 
Ri = 3.57 Q, Ig1 = Iga = 0.2 A, 14 TS) 
Vas(clamp) +5 V, -0.6 V 
Thermal Resistance, Junction-to-Case Rac | ©. | =  { 3.125 
TO-251 & TO-2 100 °C/W 
Thermal Resistance, Junction-to-Ambient Ragusa : et pf 


Turn-Off Energy Loss Per Cycle 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


[LIMITS 
CHARACTERISTIC TEST CONDITIONS UNITS 
| ___ characteristic | MIN. | MAX. | 


Diode Forward Voltage Vso Isp = 14A Fo o— | 15 [| Vv] 
Reverse Recovery Time ty lr=14A,dle/d:=100A/us | — | 125 | ns | 


CASE TEMPERATURE (TC)}=25degC 


aN 


DRAIN CURRENTI(Id)-A 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 


SOAGEX14NOSLCF5 


Fig. 1 - Safe-operating-area curve. (Curves must be derated 
linearly with increase in case temperature.) 
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DRAIN CURRENT (Id)-A 


RFD14NO5L, RFD14NO5LSM, RFP14NO5L 


CASE TEMPERATURE (Tc)-degC 


IOGEX14NO5CF5 


Fig. 2 - Maximum continuous drain current vs. temperature. 


DRAIN CURRENT (id)-AMPS 


NORMALIZED Rds(ON) 


PULSE DURATION=80us Tc=25degC 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 


SATGEX14NO5LCF5 


Fig. 4 - Typical saturation characteristics. 


Vgs - (VOLTS) 


Fig. 6 - Normalized ros(On) vs. Vos. 


NRDSGED14CF6 
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ON-STATE DRAIN CURRENT [id(on)] - A 


POWER DISSIPATION MULTIPLIER 


CASE TEMPERATURE (TC)-degC 
POWGEX14NOSLCF5 


Fig. 3 - Normalized power dissipation vs. temperature derating 
Curve. 


-55degC 25degC 150degC 


Vds=15V 


GATE-TO-SOURCE VOLTAGE (Vgs)-V 


VGSGEX14NO5LCF5 


Fig. 5 - Typical transfer characteristics. 
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Fig. 7 - Normalized ros(on) vs. junction temperature. 


he 
i Hi 
> Y) 
ie) 
4s 
Cr 
Ow 
Os 
Ad 
a. 


NORMALIZED GATE THRESHOLD VOLTAGE 
(Vgs(th)] 


CAPACITANCE (C)—pf 


RFD14NO5L, RFD14NO5LSM, RFP14NO5L 


Vgs=Vds Id=250uA 


JUNCTION TEMPERATURE (Tj)-degC 
GTHGEX!4NOS5LCF5 


Fig. 8 - Gate threshold voltage vs. temperature. 


CRSS CISS COSS 


SOURCE-TO-DRAIN VOLTAGE (Vsd)-V 


CAPGEX14NOSLCF5 


Fig. 10 - Typical capacitance vs. voltage. 
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NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss)-V 


JUNCTION TEMPERATURE (Tj)-degC 
BVDGEX14NOSLCF5 


Fig. 9 - Drain source breakdown voltage vs. temperature. 


Rv=3.572 
Ig(REF)=.275 mA 
Ve6sz5V 


GATE SOURCE VOLTAGE 


Vos — VOLTS 
Ves — VOLTS 


YA 


SSS Se eee 


a Ig (ACT) TIME — MICROSECONDS Ig (ACT) 


Fig. 11 - Normalized switching waveforms for constant gate- 
current. Refer to Harris application notes AN7254 and 
AN-7260. 


RFD14NO5L, RFD14NO5LSM, RFP14NO5L 


VoD 
Re 
Tg,*I¢ 
; 76 DUT 
0 
GATE CURRENT 
5 V 
SWITCHING TEST CIRCUIT SWITCHING WAVEFORMS 
92CS-42922 
Fig. 12 - Resistive switching. 
Vps 

VARY tp TO OBTAIN 
REQUIRED PEAK I. our 


Ves=5V Ftp 


92CS-42660 


92CS-42659 


Fig. 13 - Unclamped energy test circuit. Fig. 14 - Unclamped energy waveforms. 
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Fig. 15 - Unclamped inductive switching. 
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Ge? HARRIS RFM15NO5L/06L 
RFP15NO5L/06L — 


N-Channel Logic Level 
August 1991 Power Field-Effect Transistors (L2FET) 


Features Package 


TO-204AA 
e 15A, 50V and 60V BOTTOM VIEW 


* TDS(ON) = 9.142 ne DRAIN 
e Design Optimized for 5V Gate Drives of (FLANGE) 
e Can be Driven Directly from QMOS, NMOS, TTL Circuits O 0 O 

¢ Compatible with Automotive Drive Requirements we 

e SOA is Power-Dissipation Limited GATE 

e Nanoscecond Switching Speeds 


e Linear Transfer Characteristics TO-220AB 


© High Input Impedance TOP VIEW 


e Majority Carrier Device DRAIN 4 
Pana ———— re 
° * 


The RFM15NO5L and RFM15NO6L and the RFP15NO5L and 

RFP15NO6L are N-channel enhancmement-mode silicon- 

gate power field-effect transistors specifically designed for ap- 

plications such as switching regulators, switching converters, Terminal Diagram 

motor drivers, relay drivers and drivers for high-power bipolar 

switching transistors requiring high speed and low gate-drive N-CHANNEL ENHANCEMENT MODE 
power. These types can be operated directly from integrated 


D 
circuits. 
The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO- 
220AB plastic package. 

G 

Because of space limitations branding (marking) on type 
RFP15NO5L is F15NO5L and on type RFP15NO6L is 
F15NO6L. 

Ss 


Absolute Maximum Ratings (Tc = +25°C) Unless Otherwise Specified 


RFM1SNOS5SL RFM15NO6L RFP1SNOSL RFP1SNO6L 


Drain-Source Voltage 
Drain-Gate Voltage (RGs = 1M2) 
Continuous Drain Current 

RMS Continuous 

Pulsed Drain Current 
Gate-Source Voltage 
Maximum Power Dissipation 


Above Tc = +259C, Derate Linearly 0.6 0.6 0.48 , 
Operating and Storage Junction -55 to +150 -55 to +150 -55 to +150 ~55 to +150 
Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. il 
Copyright © Harris Corporation 1991 File Number 1558.1 
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Specifications RFM15NO5L, RFM15NO6L, RFP75NO5L, RFP15NO6L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25°C) unless otherwise specified 


LIMITS 
TES! RFM15NO5L RFM15NO6L 
CONDITIONS RFP15NO5L RFP15NO6L UNITS 


i a 
Voltage Ves = 
pemeorer P| [eT 
ln=1mA 
Current Vos = 50 V — 1 
= UA 


Gate-Source Leakage Current 


Drain-Source On Voltage Vosion@ 


Static Drain-Source On lpsion)@ 
Resistance 
Forward Transconductance _ 


| RiseTime | te 
| FallTime Tt 


Thermal Resistance Rac RFM15NOSL, — 
Junction-to-Case RFM15NO6L °C/W 
lll hcl 2.083 — 2.083 
RFP15NO6L 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC SYMBOL 


” 
ty 
Wi 
>“) 
ae) 
— 
Or 
Ow 
Os 
Ad 
o. 


F200 [= F200 


200) 1_$25_{ 200(e) | 326 ” 


RFM15NO5L RFM15NO6L 
CHARACTERISTIC SYMBOL TEST CONDITIONS RFP15NO5L RFP15NO6L 


4 Pulsed: Pulse duration = 300 ps, duty cycle = 2%. 
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Fig. 2 


Fig. 4 


RFM15NO5L, RFM15NO6L, RFP15NO5L, RFP15NO6L 


CASE TEMPERATURE(Tc )= 25°C : gif: seen niece Ss 
(CURVES MUST BE DERATED 

LINEARLY WITH INCREASE 

JIN TEMPERATURE) 


: mn 
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sent 
ee il 


DRAIN CURRENT (Ip)—A 


bo rites == 


zi 
5 
pass: 


DRAIN -TO- SOURCE VOLTAGE (Vp)<)-V 
92CM- 38152 


Fig. 1 - Maximum safe operating areas for all types. 


POWER DISSIPATION (P7)—W 


NORMALIZED GATE THRESHOLD VOLTAGE [Vgg (th)] 


HH & 
He SETH ae 


0 50 150 
CASE TEMPERATURE (Tc)=*C 92CS-38154 JUNCTION TEMPERATURE (T,)—°C 
92CS-38145 
- Power dissipation vs. case temperature derating curve Fig. 3 - Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 
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ON STATE DRAIN CURRENT L I, (on))—A 


-50 ) 50 100 ’ 150 
JUNCTION TEMPERATURE (T, )—°C oThS ja 
oP asad GATE-TO-SOURCE VOLTAGE (Vgs)—V 
92CS-38147 
- Normalized drain-to-source on resistance vs. junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 
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RFM15NO5L, RFM15NO6L, RFP15NO5L, RFPT5NO6L 


40] PULSE TEST 
PULSE DURATION=80ys 
DUTY CYCLE < 2% 


GATE SOURCE VOLTAGE 


Volts 


Vos 
Ves — Volts 


Voo = Yoss 


DRAIN CURRENT (Ip)-A 


Iq (REF) 
. = ACT) 
Gl ae rr 
TIME — Microseconds 92CS-37634 eTritrrit+;iiirtit tl 


DRAIN- TO-SOURCE VOLTAGE (Vps) ~V 
92CS-38148 


Fig. 6 - Normalized switching waveforms for constant gate-current Fig. 7 - Typical saturation characteristics for all types. 
Refer to Harris application notes AN7254 and AN-7260. 


Vest 5V PULSE TEST 
PULSE DURATION =80us 


DUTY CYCLE < 2% 
ST ia] 


3 


[rps (on-OHMS 


BaP eR R 
}+ CASE TEMPERATURE (Tc)=25°C 
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DRAIN - TO-SOURCE ON RESISTANCE 


fs 

wd Lu 

LU 

Poo -w 

HRBRTSTS Bene 

0 10 20 30 40 50 = O 

DRAIN CURRENT (Ip)—A DRAIN-TO-SOURCE VOLTAGE (Vps)—V = 

92CS-38149 9208-38150 = x 

Lu 

Fig. 8 - Typical drain-to-source on resistance as a function Fig. 9 - Capacitance as a function of drain-to-source voltage for ° = 

drain current for all types. all types. 4 

Vps =!0V 
PULSE TEST 
42 


TO SCOPE 


KELVIN 
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= 92CS-38153 


DRAIN CURRENT (Ip)—A eeeecenie 


Fig. 10 - Typical forward transconductance as a function ot drain Fig. 11 - Switching Time Test Circuit. 
current for all types. 
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Gy FARRIS 


SEMICONDUCTOR 


RFD16NO5L 
RFD16NO5LSM 


N-Channel Logic Level Enhancement-Mode 


June 1992 Power Field-Effect Transistors (MegaFETs) 
Features Package 
° 16A, 50V TO-251AA 
TOP VIEW 
bd 'ps(ON) = 0.0470 
e UIS SOA Rating Curves (Single Pulse) SOURCE 
e Design Optimized for 5V Gate Drives mee DRAIN 
e Can be Driven Directly from QMOS, NMOS, TTL Circuits nines 
¢ Compatible with Automotive Drive Requirements 
¢ SOA is Power-Dissipation Limited 
TO-252AA 
e Nanoscecond Switching Speeds TOP VIEW 


e Linear Transfer Characteristics 
¢ High Input Impedance 


e Majority Carrier Device 


Operating Temperature +150°C 


Description 


The RFD16NO5L and RFD16NO5LSM N-channel logic level power 
MOSFETs are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSI 


Terminal Diagram 


integrated circuits gives optimum utilization of silicon, resulting in N-CHANNEL ENHANCEMENT MODE 


outstanding performance. The RFD16NO5L and RFD16NO5LSM 
were designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, switching regulators, switching converters, motor relay 
drivers and emitter switches for bipolar transistors. This 
performance is accomplished through a special gate oxide design 
which provides full rated conductance at gate biases in the 3V - 5V 
range, thereby facilitating true on-off power control directly from 
logic circuit supply voltages. 


The RFD16NO5L is supplied in the JEDEC TO-251 plastic package 
and the RFD16NO5LSM in the JEDEC TO-252 plastic package. 


D 


Absolute Maximum Ratings (Tc¢ = +25°C), Unless Otherwise Specified 


DIAIN-SOUCE VONAGE s o.06 05 c2 oa 600 o ees 0 dd 0654s ERTS CRETE NE HER TREE ELE Vos 
Drain-Gale Volans (Rex st TMQ). cise cceca sare nidd eae es eee Cee Neecvananees VocrR 
Continuous Drain Current 

Fs CONMIGO 4 cu san cecant edi cwnen wins 8ee He sd nee See ede SG nes OO Ip 

PUSS DIGI CUROM 6.66.4.6650 5086590646056 He Nowe Rss RHE BOER ORES ROE e ew Os lom 
Single Pulse Avalance Rating 

Gale-Soties VONAGE «vice vis eden ee eee tan eras sewed ee een deeens ewe eee wD Ves 
Maximum Power Dissipation 

To BI 2 satancdevcueselkon dae eumen eenee rune Uhh wan edake peneaaureanees Pp 

Above T. = 429°C, Corate Lindally .2cccccccccsnsatnvectedenvdnsedebennsvenenan 
Operating and Storage Junction Temperature Range ............. cece eee eee Ty, Tste 


Refer to UIS SOA Curve 
+10 V 


60 Ww 
0.48 WPC 
-55 to +150 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2269 1 
Copyright © Harris Corporation 1992 
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Specifications RFD16N0O5L, RFD16NO5LSM 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


| cxanscrensnes __|_swgo._| __resrcowomons lows. 
ip = 205mA, Vag = OV 
Proseetetebanewen Ts fev 
To = 150°C 
[Gate-Source Leakage Current | less |Vao=#10V pgs SSCSC—~—SSCSSC CS 
Ip = 16A, Vag = 4V : 
Vp = 25V, Ip= 8A, Ig; =laa=04A, Vas (clamp)+ev | - | 60 | rs | 
-0.6V, Py = 3.1260 atv [as] 
-——T0 tye [ns 
a I 
FalTime Lt 14 typ) | ns | 
(of [100 [ns] 
Vag = 0-10V Voo-4v | - | 80 | ro] 
p= 16a [as [nc 
=2650 [fs] 
ip= 16A, Voge 18V a! Oe A Se 
0.8A, Vgg(clamp) +5V, -0.6V 
Es Ec 
[100 [ow] 


Source-Drain Diode Ratings and Characteristics 


SYMBOL TEST CONDITIONS U 


| MIN | MAX _| 
7 CC a CS a 
fig= 16a, dis t00ws —SSCSC~SC~SSCSSC*dSCS 


CHARACTERISTICS 
Diode Forward Voltage 
Reverse Recovery Time 


CASE TEMPERATURE (TC)}=2SdegC 


ee SESS SS 
ee ee eee ee) 
nS) Gane i tas 
ee ae 
2 re oe, 11¢.9.8. am ki 
3 wo} Popa ” TING TJ~ 26deg0 
E SS Set Ses Ss SS SS SSS ae es Se ee es S| = TING Tj= 
a -— eer Te ae va = 
[AREA'S UMITED Y Rabie ae ' 
3 ae ee ae a 3 
zg 1 | | PNT 
sas as Se SS ——— ase 
————— ee Se Le oe 
fT 
ee ee | 
a eT ee 
1 10 0.0! 0.10 1.00 10.00 
DRAIN-TO-SOURCE VOLTAGE (vds)-V TIME IN AVALANCHE (tav) - MILLISECONDS 
FIGURE 1. SAFE OPERATING AREA CURVE. (CURVES MUST FIGURE 2. UNCLAMPED INDUCTIVE SWITCHING SOA. (SINGLE 
BE DERATED LINEARLY WITH INCREASE IN TEMP.) PULSE UIS SOA 


1.0 


a re ee ? of | | WK | | | ft fT [| 
pit tit? tT At PERN 
Pierre. 
xe eT 
fame 
¢ <c f | | 
Ft tT 
amie 
_ CASE TEMPERATURE (Tc}-degC CASE TEMPERATURE (TC}-degC 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TEMPERATURE TURE DERATING CURVE 
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RFD16NO0O5L, RFD16NO5LSM 


PULSE DURATION=80us Te=25degC Vds=15V 
45 y y 45 
6 / e 
30 
5 > 
= x 
: 3 
; £ 5 os 
e Ee 
f e . 
a 
5 
0 15 3.0 45 6.0 75 a 15 45 6.0 
DRAIN-TO-SOURCE VOLTAGE Vds)-V GATE-TO-SOURCE VOLTAGE (Vgs)-V 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


Viede=rtSV, t= 


. ee 
; oe 


i<j 

$ 1.1 

a 

a 5 «(10 

My wW 

g 4 

: : iis 
8 

7 
i 
4.0 5.0 6.0 7.0 

JUNCTION TEMPERATURE (T)}-degC Vgs - WOLTS) 
FIGURE 7. NORMALIZED 'ps(on) vs JUNCTION TEMPERATURE FIGURE 8. NORMALIZED 'ps(on) vs Ves 


NORMALIZED GATE THRESHOLD VOLTAGE 
Ngatth)) 
NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss)-V 


JUNCTION TEMPERATURE (Tp-degC JUNCTION TEMPERATURE (Tj)-degC 
FIGURE 9. TYPICAL NORMALIZED GATE THRESHOLD VOLTAGE FIGURE 10. DRAINSOURCE BREAKDOWN VOLTAGE vs TEN- 
PERATURE 
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RFD16NO5L, RFD16NO5LSM 


Vgs=0V FREQUENCY f—iMHz 


CAPACITANCE (C)-pf 


DRAIN-TO-SOURCE VOLTAGE (Vps) - V 


FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


GATE CURRENT 


SWITCHING WAVEFORMS 


RL = 3.125 2 
Ig (REF) = 0.60 mA 
Ves =5V 


GATE 
SOURCE 
VOLTAGE 


Vos — VOLTS 


Ig (ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 


o 
Ig (REF) 


Ves — VOLTS 


CONSTANT GATE-CURRENT. REFER TO HARRIS 


APPLICATION NOTES AN7254 AND AN7260. 


Vop 


Vos 


SWITCHING TEST CIRCUIT 


FIGURE 13. RESISTIVE SWITCHING 


VARY t, TO OBTAIN 
REQUIRED PEAK I, 


Vas = 5V 
tp 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 
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FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
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RFD16NO05L, RFD16NO5LSM 


Spice Model (RFD16NO5L) 


.SUBCKT RFD16NO5L 2 1 3; rev 04/08/92 

*Nominal Temperature = 25°C 

.MODEL MOSMOD NMOS (VTO=2.054 KP=24.73 !S=1e-30 N=10 TOX=1 L=1u W=1u) 
Vto 21 6 0.448 

Rsource 8 7 RDSMOD 0.614E-3 

Rdrain 5 16 RDSMOD 27.38E-3 

.MODEL RDSMOD RES (TC1=3.66E-3 TC2=1.46E-5) 

.MODEL RVTOMOD RES (TC1=-1.81E3 TC2=1.41E-6) 

Ebreak11 7 17 18 70.9 

.MODEL RBKMOD RES (TC 1=1.01E-3  TC2=5.21E-8) 

.MODEL DBKMOD D (RS=8.82E-2 TRS1=-2.01E-3 TRS2=7.32E-10) 

.MODEL DBDMOD D (IS=1.34E-13 RS=1.21E-2 TRS1=1.64E-3 TRS2=2.59E-6 +CJO=1.13E-9 TT=4.14E-8) 
Cin 6 8 1.21E-9 

Ca 12 8 3.33E-9 

.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-4.25 VOFF=-2.25) 
.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.25 VOFF=-4.25) 
.MODEL DPLCAPMOD D (CJO=5.22E-10 !S=1e-30 N=10) 

Cb 15 14 3.11E-9 

.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-0.65 VOFF=4.35) 
.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=4.35 VOFF=-0.65) 
Rgate 9 20 2.98 

Lgate 1 9 1.38E-9 

Ldrain 2 5 1.0E-12 

Lsource 3 7 1.0E-9 

Dbody 7 5 DBDMOD 

Dbreak 5 11 DBKMOD 

Dpicap 10 5 DPLCAPMOD 

Eds 14 8 5 8 1 

Egs 13 8 6 8 1 

Esg 6 10 6 8 1 

Evto 20 6 18 8 1 

It 8 17 1 

MOS1 16 6 8 8 MOSMOD M=0.99 

MOS2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rin 6 8 1e9 

Rvto 18 19 RVTOMOD 1 

Sia 6 12 13 8 S1AMOD 

Sib 13 12 13 8 S1BMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

.ENDS 
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FARRIS 


SEMICONDUCTOR 


wD 


RFD16NO6LE 
RFD16NO6LESM 


16A, 60V, ESD Rated, Avalanche Rated, Logic Level 


March 1994 N-Channel Enhancement-Mode Power MOSFETs (MegaFETs) 
Features Packaging 
e 16A, 60V JEDEC TO-251AA 
TOP VIEW 
° DS(ON) = 0.0470 
* 2KV ESD Protected en EON HOE 
e Temperature Compensating PSPICE Model DRAIN Sraue 
nia 
(FLANGE) 
e Can be Driven Directly from CMOS, NMOS, TTL 
nip aninaa~,eiee, 
Circuits — 
¢ Peak Current vs Pulse Width Curve 
JEDEC TO-252AA 
¢ UIS Rating Curve TOP VIEW 
Description 
The RFD16NO6LE and RFD16NO6LESM N-Channel power ——} SOURCE 
MOSFETs are manufactured using the MegaFET process. DRAIN ) DRAIN 
This process, which uses feature sizes approaching those of (FLANGE) 
LSI integrated circuits gives optimum utilization of silicon, ——)_ GATE 
resulting in outstanding performance. They were designed 
for use in applications such as switching regulators, switch- 
ing converters, motor drivers, relay drivers and emitter 
switches for bipolar transistors. This performance is accom- w 
plished through a special gate oxide design which provides i a 
full rated conductance at gate bias in the 3V - 5V range, | Symbol wi LL. 
thereby facilitating true on-off power control directly from 5 Lu o 
logic level (5V) integrated circuits. = = 
=— 
The RFD16NO6LE is supplied in the JEDEC TO-251AA plas- Ow 
tic package and the RFD16NO6LESM is supplied in the JEDEC ° z 
TO-252AA plastic package. Due to space limitations the o. 
RFD16NO6LE and the RFD16NO6LESM are branded 16NO6L. ‘ 
The RFD16NO6LE and RFD16NO6LESM incorporates ESD 
protection and is designed to withstand 2KV (Human Body 
Model) of ESD. 
When ordering use the entire part number; eg. RFD16NO6- Ss 
LESM. 
Formerly developmental type TA49027. 
Absolute Maximum Ratings (T, = +25°C) 
RFDI6NO6LE, 
RFD1I6NO6LESM UNITS 
DFEIN SOURCE VOURQG sa x 0006 002 40504 ONS ORH Se ES ER He ned WHOES Cad Dewees Voss 60 V 
DEN) Ge VOREOS ass ied iue es. caeusadesan6 Gestures aeons cues bidans Vocr 60 Vv 
CG SOUICE VONRYE access cnee onan e tseweaes ous enkN ena ewan scannwe Ves +10, -8 V 
Drain Current 
Fle ES cen ses cone or ea etesedeneds sabe ee ehecay Memeewad es Ip 16 A 
POEs De CON 2 hicn 2 504004 eens erke beasrenat RaNeeae en Bowness lo Refer to Peak Current Curve 
PUSS AVOIRIAI FAG. oe salve ce cewcsisesern weccantsdderdeeawaee ees Eas Refer to UIS Curve 
Power Dissipation 
(Tp OO) ov namic wie neveewevewiud idexenseeoswsenseennds onmnsinn @ Pp 90 Ww 
DeInie GIOVE 425 C 6 cig ccd aweassgerarconssevcsenbxcekes ys cesedees Py 0.606 WPC 
Electrostatic Discharge Rating MIL-STD-883, Category B(2)................ ESD 2 KV 
Operating and Storage Temperature .......... 0. cece eee eee eee eee Tsta:Ty -55 to +175 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1994 
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File Number 3628 


Specifications RFD16NO6LE, RFD16NO6LESM 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 
LIMITS 


PARAMETERS SYMBOL TEST CONDITIONS MIN | Typ | MAX | 


Drain-Source Breakdown Voltage Ip = 0.25mMA, Veg = OV peo | - | = |ov | 


Gate Threshold Voltage V 


Vascth) Ves = Vos: Ip = 0.25mA 


Teo = +25°C 
Teo = +150°C 
Veg = +10, -8V 


TDS(ON) Ip = 16A, Ves = 5V 


Zero Gate Voltage Drain Current 


oO 


Gate-Source Leakage Current 


On Resistance 


Turn-On Time Vop = 30V, Ip = 16A, 
Ry = 1.88Q, Ves = 5V, 


Res = 5Q 


a 
z 


QO 


Turn-On Delay Time toion) 
Rise Time 
Turn-Off Delay Time 


Fall Time 


o 
st 
= 


Turn-Off Time 


BOORRRREEEE 


lorr 


Total Gate Charge 


= a 


Vos = 25V, Ves = OV, 
f = 1MHz 


Gate Charge at 5V 
Threshold Gate Charge 
Plateau Voltage 


Input Capacitance Ciss 


Output Capacitance Coss 


Reverse Transfer Capacitance Crss 


Thermal Resistance Junction to Case 


Thermal Resistance Junction to Ambient Resa 


Source-Drain Diode Specifications 


PARAMETERS SYMBOL TEST CONDITIONS 
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RFD16NO6LE, RFD16NO6LESM 


Typical Performance Curves 


< w 
— On 
E NS 
nT} Ja 
x qin 
: et 
ro) co 
z <3 
: a 
a OPERATION IN THIS nf im 
2 AREA MAY BE “ NOTES: 
LIMITED BY rpson) DUTY FACTOR: D = mn 
PEAK Ty = PomXZeuct+Tc 
0.01 
10 10° 104 10° 1072 10°! 10° 10! 
Vos, ORAIN-TO-SOURCE VOLTAGE (V) t, RECTANGULAR PULSE DURATION (s) 
FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 
20 Tco= +25°C 
500 
Zz FOR TEMPERATURES 
= ABOVE 25°C DERATE PEAK 
z ‘a CURRENT AS FOLLOWS: 
= 15 a | 
= ree] 
i < 
T < 
cc © 100 
© 10 5 
za lu 
< S - 
5 2 — Ww 
B WwW 
= § A 4 > Vv) 
< Ww oO 
o TRANSCONDUCTANCE js 
= MAY LIMIT CURRENT O 
3 IN THIS REGION = 
. 50 S TT 
25 75 100 125 150 175 10 
é. eereenenamnE me 108 105 104 403 1402 #8 4071 = 40° 10! sal 5 
C (PC) t, PULSE WIDTH (s) a. 
FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs FIGURE 4. PEAK CURRENT CAPABILITY 
TEMPERATURE 
PULSE DURATION = 250us, Tg = +25°C _ 
< 
ra PULSE TEST 
% go + PULSE DURATION = 250s 
z Bs DUTY CYCLE = 0.5% MAX 
na 3 
i = 60 
cc a 
[oa ec 
> a) 
0 w 
za -= 
< < 40 
a = 
5 ro] 
£ = 20 
ri 
(e) 
5 
0 
0.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) Vas, GATE-TO-SOURCE VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFD16NO6LE, 


Typical Performance Curves (Continued) 


PULSE DURATION =250us, Vgg=5V, Ip=16A 


2.5 
2.0 
1.5 
1.0 


0.5 


'ps(on)» NORMALIZED ON RESISTANCE 


0.0 


"-80 -40 0 40 80 120 160 


Ty, JUNCTION TEMPERATURE (°C) 


200 


FIGURE 7. NORMALIZED rpgion) VS JUNCTION TEMPERA- 
TURE 


Ip = 250nA 
2.0 


_— 
un 


_ 
o 


BVpss, NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE 
o 
a) 


-80 -40 0 40 80 120 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


160 200 


Vgs =0V FREQUENCY (f) = 1MHz 


2000 


_ 
ul 
So 
°o 


1000 


C, CAPACITANCE (pF) 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


RFD1I6NO6LESM 


Ves=Vps, Ip = 250nA 
2.0 


_ 
. 
a 


_ 
oO 


So 


VescTH)» NORMALIZED GATE 
THRESHOLD VOLTAGE 
uo 


0.0 


-80 -40 0 40 80 120 160 


Ty, JUNCTION TEMPERATURE (°C) 


200 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 


POWER DISSIPATION MULTIPLIER 


50 75 100 125 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs TEMPER- 


ATURE DERATING CURVE 
5.00 
= S 
Lu Ww 
Lo] S 
< 3.75 < 
x 5 
> g 
LW wi 
O 
= 2.50 fc 
p*4 0.75 BVpss 0.75 BVpss 4 
3 0.50 BVpss 0.50 BVpss in 
q < 
i R, = 3.750 w 
8 IG(REF) = 0.65mA L 
Ves = 5V 
0.00 

IG (REF) IG (REF) 

nn t, TIME (us) eae 

G(ACT) G (ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RFD16NO6LE, RFD16NO6LESM 


Typical Performance Curves (Continued) 


1066 oo 


las, AVALANCHE CURRENT (A) 


0.01 0.1 1 10 
tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Rg 
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ty 
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Oo 
on 


POWER MOSFETs 


FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


Vop 
ton torr 
Res 
tp(on) tp(OFF) 
tr 
Vv V 
si ie 90% 
GS 
DUT 10% 
90% 
Res 
Vo 50% 50% 
s <—— PULSE WIDTH 
10% 
FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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RFD16NO6LE, RFD16NO6LESM 


Temperature Compensated PSPICE Model for the RFD16NO6LE, RFD16NO6LESM 
SUBCKT RFD16NO6LE 213; rev 8/2/93 


CA 12 8 3.364e-9 
CB 15 143.41e-9 DPLCAP 5 DRAIN 


CIN 6 80 1.317¢-9 Li LORAIN 2 


DBODY 7 5 DBDMOD RSCL1 
DBREAK 5 11. DBKMOD RSCL2 51 DBREAK 
DESD1 919 DESD1MOD 

DESD2 91 7 DESD2MOD (*) ESCL 

DPLCAP 10 5 DPLCAPMOD 50 


RDRAIN 11 
EBREAK 117 17 18 75.5 — 16 EBREAK(.L) 
EDS 148581 _VTO. | 
EGS 13868 1 EVTO I| : MOs2 
ESG6 10681 GATE RGATE 
EVTO 206 188 1 ) 


DBODY 


IT 817 1 


8 RSOURCE LSOURCE 
LDRAIN 2 5 1e-9 2 3 
LGATE 1 9 4.9e-9 el F SOURCE 
LSOURCE 37 4.9e-9 oa Lo Lan 

21° pp 7 RBREAK 


MOS1 1668 8 MOSMOD M = 0.99 
MOS2 16 21 8 8 MOSMOD M = 0.01 ae. 6 ae 
RBREAK 17 18 RBKMOD 1 i nis On 19 
RDRAIN 50 16 RDSMOD 11.86e-3 + +114 
RGATE 9 20 2.52 eas (£) eps (4 

RIN 6 8 1e9 * 
RSCL1 5 51 RSLVCMOD 1e-6 

RSCL2 5 50 163 

RSOURCE 8 7 RDSMOD 266-3 

RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
$1B 13 12 13 8 S1BMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 216 0.49 


ESCL 5150 VALUE= {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/93,7.3))} 


.MODEL DBDMOD D (IS = 3.80e-13 RS = 1.12e-2 TRS1 = 1.61e-3 TRS2 = 6.08e-6 CJO = 1.05e-9 TT = 3.84e-8) 
.MODEL DBKMOD D (RS = 1.44e-1 TRS1 = 6.59e-3 TRS2 = 9.71e-6) 

.MODEL DESD1MOD D (BV = 13.5 TBV1=0 TBV2=0 RS = 48 TRS1=0 TRS2 = 0) 

.MODEL DESD2MOD D (BV = 10.24 TBV1 = -8.6756e-4 TBV2 = 7.425e-7 RS =0 TRS1=0 TRS2 = 0) 
.MODEL DPLCAPMOD D (CJO = 5.59e-10 IS = 1e-30 N = 10) 

.MODEL MOSMOD NMOS (VTO = 1.89 KP = 113 IS = 1e-30 N=10 TOX=1 L=1u W= 1u) 

.MODEL RBKMOD RES (TC1 = 1.12e-3 TC2 = -9.59e-7) 

.MODEL RDSMOD RES (TC1 = 4.98e-3 TC2 = 1.34e-5) 

MODEL RSLVCMOD RES (TC1 = 1.75e-3 TC2 = 3.75e-6) 

.MODEL RVTOMOD RES (TC1 = -1.86e-3 TC2 = -3.63e-6) 

MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -3.85 VOFF= -1.85) 

MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-1.85 VOFF= -3.85) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -2.34 VOFF= 2.76) 

MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.76 VOFF= -2.34) 


-ENDS 


NOTE: 


1. For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFet 
Featuring Global Temperature Options; IEEE Power Electronics Specialist Conference Records 1991. 
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w HARRIS RFP1/7NO6L 


N-Channel Logic Level Enhancement-Mode 


August 1991 Power Field-Effect Transistor 
Features Package 
e 17A, 60V TO-220AB 
TOP VIEW 


* TDS(ON) = 0.1002 


® Design Optimized for 5V Gate Drives DRAIN 


e Can be Driven Directly from QMOS, NMOS, TTL Circuits | $$ DRAIN 


¢ Compatible with Automotive Drive Requirements 
e SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds 

e Linear Transfer Characteristics 


© High Input Impedance 


e Majority Carrier Device Terminal Diagram 
Description N-CHANNEL ENHANCEMENT MODE 
The RFP17NO6L is an N-Channel enhancement mode silicon- D 


gate power field effect transistor designed for applications 

such as switching regulators, switching converters, motor driv- 

ers, relay drivers and drivers for high power bipolar transistors 

requiring high speed and low gate drive power. This type can 

be operated directly from integrated circuits. This performance G 

is accomplished through a special gate oxide design which 

provides full rated conductance at gate biases in the 3V - 5V 

range, thereby facilitating true on-off power control directly 

from logic circuit supply voltages. S 


The RFP17NO6L is supplied in the JEDEC TO-220AB plastic 
package. 


_ 
mo 
> Uj 
WO 
+s 
Se 
Ow 
Os 
a @) 
oW 


Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 


UNITS 

DIN SOUCG VOURGS ins vadneceverwnt crevenisens ods Re hee CRN ROK OO ORE Cd EC LR OR REKE Wad net Vos 60 V 
Drain-Gate Vollage (AGS = 1ME)) séscisccvveesc er can ue ciee eas nae ens cea es ee sens esaee asa es VDGR 60 V 
Continuous Drain Current 

FINS CONUMUOUS necks Uscksdes ben ek eeedeLace se Sea ceNewEds Kab eeENEKede ree ine deKe Deh eenas Ip 17 A 

Pulsed Drain Current ss os2cccesca0 en avnesanes cs eee es Ras Wes Oe Dede Re Re CE Ree OES eRe ORES Ke IDM 50 A 
OPS OUCE VORBGS can tse ccnidnd sekardet eee He beh dw Se eee Hea RERORE ie de see eN eRe bonnes Ves +10 V 
Maximum Power Dissipation 

il riety’: SETUP CELEETE CEST TEE TERETE ELE eee rere er Terre ee ere Pp 60 W 

ADOVE TO @ 425°C, DORIS LINGONY cc civ wicsvee cecndink Cos Usk He cane reese Dee basKER ER SORE WS 0.48 W/°C 
Operating and Storage Junction Temperature Range... ...cccccssensccnesenscsecvccsecs Ty. Ista -55 to +150 ed ©) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. File Number 997 > 4 


Copyright © Harris Corporation 1991 
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Specifications RFP17NO6L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC TEST CONDITIONS 


Drain-Source Breakdown Voltage BVoss ln = 1.0 MA, Ves = 0 V | 6 | — | Vy 
Gate Threshold Voltage Ves(th) Vas = Vos, Ip = 1.0 mA 


Vos = 48V, Ves = 0 V ee 
Tc — 150°C 

Ves = +10 V | 

On Resistance Ros(on) n= 85 A, Vos = 4.0 V [ae | 

| lb =85AVos=5.0V | — | 

lo = 17.0 A, Ves = 5.0 V | 

| Forward Transconductance rs | to = 85 A Vos=50V | 60 __ 

Voo = 30V, ln = 8.5A ae 
Reen = 12.5 ohms Li —  | | 

i Ta(off) = . 

: | | 

a 

a 

) 

i 


Zero Gate Voltage Drain Current lpss 


Turn-Off Delay Time off Res = 12.5 ohms 
Fall Time i Ves = +5 V 


Total Gate Charge Q,(total) Ip = 8.5A, Voo = 30 V 


Ves = 10 V, Ri = 3.5 ohms 


Gate Charge at 5 volts Qa(5) 
Threshold Gate Charge Q,(th) 


Thermal Resistance Junction to Case 
Thermal Resistance Junction to Ambient 


Résc 
R@sa 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
CHARACTERISTIC TEST CONDITIONS UNITS 


Forward Voltage Vso Iso = 17 A ee a ee 
Reverse Recovery Time tr lp = 17A, dle/d: = 100 A/us 115 (typ) 


CASE TEMPERATURE (TC)=25degC 


Pp ae 


i eae Se a ae 
[aa i 


DRAIN CURRENTI(Id)-A 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 
SOARFPI7NO6LCFE 


Fig. 1 - Maximum Safe operating areas for all types. 
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RFP17NO6L 


(oma) GERREREER aes ese 
: ot HH fH 
O13 ceoeeeea a8 aoe 
2 SGase eee see eee SBGRe 
a ina arene 
wW SEaB Pe HH aeeee 
9 eaceneesesese ane seene 
= = sasecsesse seeee 
a eceenne anaes esenesees ry auana 
= = SES05 SORES Renna sese a aaeee 
a: > seenauee seeue a2 bt 
: < sees 
[e) Att 
: é seas 
g sececes aaa 
5 ro HHH aeeaa 
Ng - Hee saeee 
S ve) ecu nee 
z F cause ret 
# - Sst 
g sriiEaSe 
2 Sieseeesata cers 
= rH HEHE ETHAN 
oO -+ 
CASE TEMPERATURE MC)-deg¢ . scesuseeseseses 
POWRFP17NO6LCF6 50 100 150 
JUNCTION TEMPERATURE (T,)—°C 
92CS-38145 
Fig. 2 - Power dissipation vs. case temperature derating curve for Fig. 3 - Typical normalized gate threshold voltage as a function 
all types. of junction temperature for all types. 
2.0/Ip* 7.54 Ht tt 
Ves: lov HHH — 
seeeeeneeee ee 20 
uJ 
oO Coo a < 
ra Seneeeeeeene 
=| aes a 
8 § 
on CO at 2 
Kz t+t} ttt | = 
S87 4888 
id <uunnues G 
ze coo z 
a2 SRReh OR x 
nw = 
fa) a < dd 
wz H x 
se I fa} —_! Lu 
_ HH LL 
J on we LL 
< HHH < > 
= ae 7) Lu ‘e) 
ro) aa | oe 
a8 z = 
z 2 fe) 
2 O 
5 — 
H Ow 
Cy re) = 
-50 fe) 50 100 150 GATE-TO-SOURCE VOLTAGE (Vgs}-V ae ro) 
JUNCTION TEMPERATURE (T,)—°C 
)" g2cs-38146 eee ou 
Fig. 4 - Normalized drain-to-source on resistance vs. junction Fig. 5 - Typical transfer characteristics for all types. 


temperature for all types. 


PULSE DURATION=250us DUTY CYCLE<2% Tc=25degC 


RL = 3.53.2 
Ig (REF) = 0.50 mA 
Ww 
5 
” (7) <q 
- EG 
> > a 
| | hd 
Y ” x 
s £ 3 
Zz 
< 
ac 
(a) 
5 IG(REF) | go IGIREF) 
gar” SS eens Ig (ACT) DRAIN-TO-SOURCE VOLTAGE (Vds)-V 
92GS 44166 SATRFPI7NO6LCF 6 
Fig. 6 - Normalized switching waveforms for constant gate-current. | 
Refer to Harris application notes AN7254 and AN-7260. Fig. 7 - Typical saturation characteristics for all types. 
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RFP17NO6L 


FREQUENCY (f=1MHz 


DRAIN-TO-SOURCE ON RESISTANCE 
{[Rds(on))]—OHMS 
CAPACITANCE (C)-pf 


DRAIN CURRENT (DA DRAIN-TO-SOURCE VOLTAGE WDS)-V 
ROSRFPITNOGLCF7 CAPRFPI7NO6LCF1 


Fig. 8 - Typical drain-to-source on resistance as a function drain Fig. 9 - Capacitance as a function of drain-to-source voltage for 
current for all types. all types. 


PULSE DURATION=250us DUTY CYCLE<2% Vds=10V 


KELVIN 
CONTACT 


FORWARD TRANSCONDUCTANCE (gfs)—mho 


andi: = 92CS- 38153 
0 
0 1 2 3 4 5 6 7 8 9 10 
DRAIN CURRENT (D)-A 
GFSRFPT7NO6LCF 6 
Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit. 


current for all types. 
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ft? HARRIS 


RFP25NO5L 


N-Channel Logic Level Enhancement-Mode 


June 1992 Power Field-Effect Transistor (MegaFETs) 
Features Package 
e 25A, 50V TO-220AB 
TOP VIEW 


* rDS(ON) = 9.0472 


DRAIN ey 
e UIS SOA Rating Curve (Single Pulse) (FLANGE) iio? SOURCE 
¢ Design Optimized for 5V Gate Drives | Ss CATS 


¢ Can be Driven Directly from CMOS, NMOS, TTL Circuits 
e Compatible with Automotive Drive Requirements 

© SOA is Power-Dissipation Limited 

e Nanoscecond Switching Speeds 


e Linear Transfer Characteristics 


¢ High Input Impedance Terminal Diagram 

¢ Majority Carrier Device N-CHANNEL ENHANCEMENT MODE 
® Operating Temperature ................cneees +150°9C D 
Description 


The RFP25NO5L is an N-Channel logic level power MOSFETs 

are manufactured using the MegaFET process. This process, 

which uses feature sizes approaching those of LSI integrated G 
circuits gives optimum utilization of silicon, resulting in out- 

standing performance. The RFP25NO5L was designed for use 

with logic level (5V) driving sources in applications such as 

programmable controllers, automotive switching, switching S 
regulators, switching converters, motor relay drivers and emit- 

ter switches for bipolar transistors. This performance is accom- 

plished through a special gate oxide design which provides full 

rated conductance at gate biases in the 3V - 5V range, thereby 

facilitating true on-off power control directly from logic circuit 

supply voltages. 


The RFP25NO5L is supplied in the JEDEC TO-220AB plastic 
package. 


pal 
| 
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Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


UNITS 

Dali SOUCS VONSGS os iccas nsens ves s40s6 RIC Oi mdw Re wRE RDS REKOSS RINE e TERE Kee Re Vos 50 V 
Drain-Gate Voltage (REG = 1M) scsscc cas snccscnsneseseeseustus ciueneee senna VDGR 50 Vv 
Continuous Drain Current 

PS COnUNUOUS 224%-cde te seeks ee ade kn axe nssiecndesnrs scehesneeebeeetesterTas Ip 25 A 

Pulsed DIain CuirGit us snc cncovvds oe0ne nde USSR EE SS CORRE REE Ned One Ree eO es IDM 65 A 
Single Pulse Avalanche Energy Rating Refer to UIS SOA Curve* 
eO- OUNCE VONGO® cnc cnd senks cen cee denne Kemer ee seweetasndees cuue Reuse ss ee Ves +10 V 
Maximum Power Dissipation 

TO P29 cc scssetecwes coccanecke ses asa Kenee Re kEs Se ERE NORE SORC OE RRO Od ROD e Pp 60 W 

Above To = 425°C, Derate Lingarly cs icsavssesassescesrenscias cvsey cand es run eas 0.48 W/°9C 
Operating and Storage Junction Temperature Range..........ceeeeeeeeecenees Ty, TSTG -55 to +150 oC 
* See Figures 13, 14 and 15 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2270.1 


Copyright © Harris Corporation 1992 
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Specifications RFP25NO5L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C unless otherwise specified: 


CHARACTERISTIC 


Drain-Source Breakdown Voltage BVopss 
Gate Threshold Voltage Vas(th) 


Zero Gate Voltage Drain Current Ipss 


Gate-Source Leakage Current lass 


Static Drain-Source On Resistance 'ps(On) 


Turn-On Delay Time ty(on) 
7 t( 


f 


Plateau Voltage 


V(plateau) 


Turn-Off Energy Loss per Cycle 


Thermal Resistance, Junction-to-Case Ré@ic 
Thermal Resistance, Junction-to-Ambient R@ua 


TEST CONDITIONS 


Ip = 0.25 mA, Ves = 0 V 
Ves = Vos, Ip = 0.25 mA 
Vos = 40 V, Ves =O V 
Tc = 150°C 
Ves = +10 V, Vos =O0V 
lb =25A, Ves =5V 
Ip = 25 A, Ves = 4 V 


Vop = 25 V, lp =125A 
Ig1 = Ig2 =1A 
Ves (Clamp) + 5 V, -0.6 V 
RL=2Q 


L =0.2 pH, Io1 = leo = 1A 
Ves (clamp) + 5 V, -0.6 V 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS: 


CHARACTERISTIC 


Diode Forward Voltage Vsp 
Reverse Recovery Time tr 


CASE TEMPERATURE (TC)=25degC 


a ee oo aS = 

—— = a eee a ET 

Rey es Weed SG | ee ee a ee en ee 

SS SE A Oe Dt On aE 9 

ne can St th Ht 
<. Leeder | LTT RET 
3 10.0 AREAS UMITED GY Rago bel || | | ee eee ee ee a 
= SS eS GREE Ga, “od Y.-S Ser SOIC) EEE Gee CR eS ee Re Ge 
. ee 
W SE eee ee (ee) eee ee ee 
= ee ee ee (ee ee ee 
3 ar ae es ee EBs 
z | | | Te Oo ANNETTE 

ne Gees, ees 

(eS) (aires (Fae) 

ane a 

a ae 

1 


0. 


_ 


Fig. 1 - Safe operating area curve. (Curves must be derated 


linearly with increase in temperature. ) 


TEST CONDITIONS 


lp = 25A, dle/d: = 100 A/us 


DRAIN CURRENT (id)-A 


wa] UNS 


—- 

| =| 15 typ.) 
| = | 35 (typ) 
| = | 40 (typ) 
| = | 14 (typ.) | 
| = | 100 


LIMITS 


UNITS 


| ons | 


mike 
or 


CASE TEMPERATURE (Tc}-degC 


Fig. 2 - Maximum continuous drain current vs. temperature. 
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RFP25NO5L 


rT ct UT TT sis PULSE DURATION=80us Tc=25degC 
CEERCEEE 
= 
oT INSTT : 
z¢ | | | INT : 
-~—seneee : 
of | | | | | NI : 
= £ | | | | | to : 
Ww z 
MERE CEE 3 
cual tis bene cia hacerlo 
2 30 60 30 120 150 
CASE TEMPERATURE (TC}-degC 
POWGEP25NOSLCF6 
Fig. 3 - Normalized power dissipation vs. temperature 
derating curve. 
< 
= 
= 
(a) 
: : ° 
ap 
w 9 - V~) 
hs WoO 
. ‘ail S 
5 2 ps 
os 
Vas - VOLTS) 9 
NRDSGED25CF6 
Fig. 5 - Typical transfer characteristics. Fig. 6 - Normalized switching waveforms for constant gate-current. 


Refer to Harris application notes AN7254 and AN-7260. 


Vgs=5V Id=25A Vgs=Vds id=250uA 


25 


NORMALIZED Rds(on) 
NORMALIZED GATE THRESHOLD VOLTAGE 
MVgstth)] 


JUNCTION TEMPERATURE (Tj)-degC JUNCTION TEMPERATURE (T)-degC 
RDSGEP25NOSLCF6 GTHGEP2S5NOSLCF6 


Fig. 7 - Normalized ras(on) vs. junction temperature. Fig. 8 - Typical normalized gate threshold voltage. 
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NORMALIZED DRAIN-TO-SOURCE 


RFP25NO5L 


BREAKDOWN VOLTAGE (BVdss)-V 
CAPACITANCE (C)-pf 


JUNCTION TEMPERATURE (Tj)-degC DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
BVDGEP25NO5LCF6 CAPGEP25NOSLCF6 
Fig. 9 - Drain source breakdown voltage vs. temperature. Fig. 10 - Typical capacitance vs. voltage 
_ RL=20 
Ig (REF) = 0.60 mA 
Ves =S5V 
37.5 
” ” 
a 0.75 BVpss 0.75 BVpss 5 
> 
> 
= GATE | 
” SOURCE wn 
= VOLTAGE ) 
> 
12,5 


-50 BVposs 0.50 BVpss 
-25 BVpss 0.25 BVpss 


DRAIN-SOURCE VOLTAGE _ 
9 IG(REF) go IG(REF) 
ig(AcT) TIME—MICROSECONDS ig (ACT) 


92GS-44165 


Fig. 11 - Normalized switching waveforms for constant gate-current 
(Refer to Harris application notes AN-7254 and AN-7260) 


Ig, s Ig, 


0 GATE CURRENT 
5V 


SWITCHING WAVEFORMS 
92CS-42922 


SWITCHING TEST CIRCUIT 


Fig. 12 - Resistive switching. 
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RFP25NO5L 


BVoss 


Vos 


TO OBTAIN 
ED PEAK I, 


R 


VARY t 
REQUI 


tp 


= 5V 


VGs 


92CS-42660 


92CS-42659 


Fig. 14 - Unclamped energy waveforms. 


Fig. 13 - Unclamped energy test circuit. 


ARTING TJ= 25degC 
ARTING T]= 160dagC 


He 


HALE | UE 


SdNY - 8D] 


SLAASOW YS3MOd 


THAT DIDOT 


10.00 
US26NO6L 


(Single Pulse UIS SOA) 


0.10 
TIME IN AVALANCHE (tav) - MILLISECONDS 


Fig. 15 - Unclamped-inductive-Switching SOA 


0.01 
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FARRIS 


aD 


RFP2ZSNO6L 


N-Channel Logic Level Enhancement- 7 ede 
August 1991 Power Field-Effect Transistor (L2 FET) 


Features Package 


e 25A, 60V TO-220AB 


TOP VIEW 
* TDS(ON) = 9.0852 


DRAIN 
© Design Optimized for 5V Gate Drives mee  —_—— a SCOURGE 


| oo DRAIN 
e Can be Driven Directly from QMOS, NMOS, TTL Circuits es ATE 


¢ Compatible with Automotive Drive Requirements 
© SOA is Power-Dissipation Limited 
e Nanoscecond Switching Speeds 


e Linear Transfer Characteristics Tarminal Diagram 


© High Input Impedance 
N-CHANNEL ENHANCEMENT MODE 


® Majority Carrier Device D 


Description 


The RFP25NO6L is an N-Channel enhancement-mode sili- 
con-gate power field-effect transistor specifically designed for 
use with logic level (SV) driving sources in applications such as 
programmable controllers, automotive switching and solenoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conductance at 
gate biases in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic circuit supply voltages. 


The RFP25NO6L is supplied in the JEDEC TO-220AB plastic 
package. 


Because of space limitations branding (marking) on type 
RFP25NO6L is F25NO6L. 


Absolute Maximum Ratings (Tc = +25°9C) Unless Otherwise Specified 


Drain-Source Voltage 
Drain-Gate Voltage (RGs = 1M2) 
Continuous Drain Current 
RMS Continuous 
RMS Continuous @ Tc = +859C 
Pulsed Drain Current 
Gate-Source Voltage 
Maximum Power Dissipation 
75 
Above Tc = +25°C Derate Linearly 0.6 
Operating and Storage Junction Temperature Range -55 to +150 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2044 1 
Copyright © Harris Corporation 1991 7 
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Specifications RFP25NO6L 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


LIMITS 
CHARACTERISTICS TEST CONDITIONS RFP25NO6L UNITS 


Drain-Source Breakdown 


Voltage 


Gate Threshold Voltage Vesith) 


Zero Gate Voltage Drain 


Current 


Gate-Source Leakage 
Current 


Drain-Source On Voltage Vpston) 


Static Drain-Source pston/@ Ipb=12.5A 


On Resistance Ves =5V 


Forward Transconductance g Vos =5V 
IDp=12.5A 


fs 
Input Capacitance Ciss 


ha 
oll 

io te 
> 
te) 
me 
Or 
Ow 
Os 
+A0d 
c. 


Reverse Transfer 


Capacitance 


Turn-On Delay Time taion) 


Rise Time tr IDb=125A 120 (typ.) 
Turn-Off Delay Time a Ryen = 123 (typ.) 


Fall Time Ros = 6.25 2 123 (typ.) 200 
Ves =5V 


4Pulsed: Pulse duration = 300 us max., duty cycle = 2%. 
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RFP25NO6L 


LIMITED BY 


DRAIN CURRENT (Ip) — A 


—_ 


1 "10 


100 te 


sF—t+—+ ++ Ht H+] «CASE TEMPERATURE (T¢) = 


(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 


TEMPERATURE) 
oa SIE aT 
NS ima ee Limmaea 


sLetetS ak tT KO ek Soe es 
= OPERATION IN Ze) eee ocee 

—_ om Ss A ie eee a an Me a 
 swie ania iS ee re 
= Baa ae ee hi 


HH 
CACC NE 


8 a eS SNS SS Ra A HS ea OL 8 = a oa en 
7 OO OE TE OE Db A A ee He 

7 Pa a: A | ae a) SR HC Srtrirh 
a Dee eee ene eae i a a ee ee 8 ee 


el a 
- Vogg (MAX) = 60 V RFP25NO6L. ttt 


4 a 


25 °C 


°, 00 " 000 


DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


92GS-44238 


Fig. 1 - Maximum operating areas for all types. 


POWER DISSIPATION (P7) —W 


O 25 50 75 100 125 150 
CASE TEMPERATURE (Tc)— °C 


92CS- 42990 


Fig. 2 - Power dissipation vs. case temperature derating curve for 
all types. 


[Ves (th)] 


NORMALIZED GATE THRESHOLD VOLTAGE 


JUNCTION TEMPERATURE (Tj) —°C 
92CS-37066 


Fig. 4 - Typical normalized gate threshold voltage as a function of 
junction temperature for all types. 
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25 35 45 55 65 75 85 75 105 115 125 135 145 
CASE TEMPERTURE (Tc)—°C 
92CS-42997 


Fig. 3 - Maximum continuous drain current vs. case temperature. 


NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 


JUNCTION TEMPERATURE (T,) — °C 


92CS-42991 


Fig. 5 - Normalized drain-to-source on resistance to junction 
temperature for all types. 
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RFP25NO6L 


Vos= 10 Vv 
24| PULSE TEST 


) 
DRAIN CURRENT (Ip)—A 


ON-STATE DRAIN CURRENT [Ip(on)] — A 
+S 


10 2 
GATE-TO-SOURCE VOLTAGE (Vgs) —V DRAIN -TO-SOURCE VOLTAGE (Vps)—V 
92CS-42992 92CS-42993 
Fig. 6 - Typical transfer characteristics for all types. Fig. 7 - Typical output characteristics for all types. 


Ves *+5 V PULSE TEST 


0.121 PULSE DURATION = 80 uS 
DUTY CYCLE s 2% 


WwW 
Oo 
z 
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. a 
| r 
on Ww 
a =f 
~~ zo 
: uo 
: 2s 
a Ss 2 ” 
= on oe 
re) 2a —_ Ww 
z Lens Lu LL. 
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aw w”) 
. z Li O 
< os 
[ta > 
a —) [oa 
| rr 
0) | 2 3 4 5 7 (0) 4 8 4 16 20 24 28 _d 3 
DRAIN- TO-SOURCE VOLTAGE (Vps) —V DRAIN CURRENT(Ip)—A 
9205-42994 92CS-42995 0. 
Fig. 8 - Typical saturation characteristics for all types. Fig. 9- Typical drain-to-source on resistance as a function of 


drain current for all types. 
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SOURCE-TO-DRAIN VOLTAGE (VSD)}-V DRAIN CURRENT (Ip)—A 
CAPRFP25NO6LCF2 92cs-37073 
Fig. 10 - Typical capacitance vs. voltage. Fig. 11 - Typical forward transconductance as a function of drain 


current for all types. 
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RFP25NO6L 


Ry = 2.40 
ig (REF) = 0.5 mA 
Ves =5V 


ag 

GATE SOURCE VOLTAGE 8 

@ 

6 

> 

o~ 
Ig (REF) Ig AN\ : 
20 TS (ACT) 80 7, (Act) 


TIME - MICROSECONDS 


Fig. 12 - Normalized switching waveforms for constant gate- 


current. Refer to Harris application notes AN7254 and 
AN-7260. 
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eee RFP3ONO6LE 


30A, 60V, ESD Rated, Avalanche Rated, Logic Level 


January 1994 N-Channel Enhancement-Mode Power MOSFET (MegaFET) 
Features Package 
e 30A, 60V TO-220AB 
TOP VIEW 


sd TDS(ON) = 0.0472 


e 2KV ESD Protected 
DRAIN eee 


¢ Temperature Compensating PSPICE Model (FLANGE) a ” SOURCE 
(iiiieenesems- 
° Can be Driven Directly from CMOS, NMOS, TTL oe 
Circuits a 


e Peak Current vs Pulse Width Curve 


¢ UIS Rating Curve 


Description 


The RFP30NO6LE N-Channel power MOSFET is manutac- | 9¥ "bol 

tured using the MegaFET process. This process, which uses D 
feature sizes approaching those of LSI integrated circuits 
gives optimum utilization of silicon, resulting in outstanding 
performance. They were designed for use in applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers and emitter switches for bipolar transis- 
tors. This performance is accomplished through a special 
gate oxide design which provides full rated conductance at 
gate bias in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic level (5V) integrated circuits. 


The RFP3ONO6LE incorporates ESD protection and is . 
designed to withstand 2KV (Human Body Model) of ESD. 


The RFPSONO6LE is supplied in the JEDEC TO-220AB plastic 
package. Due to space limitations the RFP30NO6LE is branded 
P3SONOG6LE. 


When ordering use the entire part number; RFP3ONO6LE. 
Formerly developmental type TA49027. 
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Absolute Maximum Ratings (T, = +25°C) 


RFP30NO6LE UNITS 

Dralty Source VOUAGS .. cs ck ocean sss ae ogee nes gees rtes bees PKR TT CORES Vpss 60 V 
PRIN GRIEG VONAGE. ix ny Rees Hs Oe ROHS HOS NORE KHER REET REN He ONE Ree RAE VpGR 60 V 
Aa SOMOS VONAGE bac ccennakas cba ase Kewee SueSs Dex ddn wees Ew ews 6 a Ves +10, -8 V 
Drain Current 

FMS CONUMIGUS. oc.20i cous Han dS SHEN SOd CHG RE DEN EADE EKER DOE DR DERO KOS Ip 30 A 

Pisa Ora GU csc ccc ewacardvewsseenns oeaes tauiiweseaeess lom Refer to Peak Current Curve 
Pulsed Avalanche AGUNG: cic coed dicesedeed sewed eee keae vedere ans awnes Eas Refer to UIS Curve 
Power Dissipation 

EEE GC) ind waedue ose DN de ead nedaekeesseneco es mises eRieNeew eat Pp 96 Ww 

Dente A0OVE $2 O sa ec ccaskcenavaeamasenndade sawed aseesesue sun ese Py 0.645 WPC 
Electrostatic Discharge Rating MIL-STD-883, Category B(2).............. ESD 2 KV 
Operating and Storage Temperature .......... cc cee eee eee eee eee Tst@: ly -55 to +175 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3629 
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Specifications RFP30NO6LE 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


Drain-Source Breakdown Voltage Ip = 0.25mA, Ves = OV 


Ves = Vps: Ip = 0.25mA 1 
ee re 
On Resistance Ip = 30A, Veg = 5V 
Turn-On Time ston Vpp = 30V, Ip = 30A, 

[0m 


LIMITS 


PARAMETERS TEST CONDITIONS 


a 


Gate Threshold Voltage 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


Ri, = 10, Veg = 5V, 


Turn-On Delay Time Res = 2.5 


to(on) 


Turn-Off Delay Time 


ton 

Fall Time 

Turn-Off Time 

Total Gate Charge 

Threshold Gate Charge [| 

Plateau Voltage Ip = 30A, Vos = 15V <a 
= 
= 


Input Capacitance Vos = 25V, Ves = OV, 
f = 1MHz 

Output Capacitance 

Reverse Transfer Capacitance 


Source-Drain Diode Specifications 


PARAMETERS SYMBOL TEST CONDITIONS 


6-114 


RFP30NO6LE 


Typical Performance Curves 


Ip, DRAIN CURRENT (A) 


Ip, DRAIN CURRENT (A) 


OPERATION IN THIS 
AREA MAY BE 
LIMITED BY rpsyon) 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 
FIGURE 1. SAFE OPERATING AREA CURVE 


Tc, CASE TEMPERATURE (°C) 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 


Ip, DRAIN CURRENT (A) 


TEMPERATURE 


Tco= +25°C 


PULSE DURATION = 250us, Tc = +25°C 


0 1.5 3.0 4.5 6.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


7.5 


Zo3c, NORMALIZED 
THERMAL RESPONSE 


NOTES: 
DUTY FACTOR: D = ty/ta 
PEAK Ty = Pow X Zo co + Te 


105 104 10° 10° 10°! 10° 10! 
t, RECTANGULAR PULSE DURATION (s) 


FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


To = +25°C 
500 


FOR TEMPERATURES 
ABOVE 25°C DERATE PEAK 
CURRENT ( FOLLOWS: 


vi yocoP werare 
MAY LIMIT CURRENT 
IN THIS REGION 


20 
108 1405 104 10° 107 Led 10° ss, 


lpm, PEAK CURRENT CAPABILITY (A) 


t, PULSE WIDTH (s) 
FIGURE 4. PEAK CURRENT CAPABILITY 


Vpp = 15V 


100 


PULSE TEST 
80 [~ PULSE DURATION = 2501s 


ID(oN), ON STATE DRAIN CURRENT (A) 


0.0 1.5 3.0 4.5 6.0 7.5 
Vgs, GATE-TO-SOURCE VOLTAGE (V) 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFP3ONO6LE 


Typical Performance Curves (Continued) 


PULSE DURATION = 250s, 


Ves = 5V, 


Ip = 30A 


'ps(on)» NORMALIZED 


0 40 80 120 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. NORMALIZED rpgion) VS JUNCTION TEMPERA- 
TURE. 


Ip = 250A 


Lind 
°o 


at -_ 
o wo 


SOURCE BREAKDOWN VOLTAGE 
o 
a) 


BVpss, NORMALIZED DRAIN-TO- 


ad 

° 
é 
° 


-40 0 40 80 120 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


160 


Ves = 0V FREQUENCY (f) = 1MHz 


2000 


: 


C, CAPACITANCE (pF) 


Vps, DRAIN-TO-SOURCE VOLTAGE (V) 


FIGURE 11. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


200 


Ves = Vps; Ip = 250nA 
2.0 


_ 
ui 


_ 
oS 


VescTH)» NORMALIZED GATE 
THRESHOLD VOLTAGE 
© 
gi 


-40 0 40 80 120 160 200 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE. 


POWER DISSIPATION MULTIPLIER 


50 75 100 125 
Tc, CASE TEMPERATURE (°C) 


FIGURE 10. NORMALIZED POWER DISSIPATION vs 
TEMPERATURE DERATING CURVE 


5.00 
= = 
WwW lu 
) O 
< < 
a 3.75 
S$ $ 
Lu Ww 
6) oO 
5 2.50 5 
4 0.75 BVpsg 0.75 BVpss 9 
& 0.50 BVpsg 0.50 BVpss uu 
« 0.25 BV 0.25 BV < 
. " gel = 1.25 & 

L = 
8 IG(REF) = 0.62mA 8 
Ves = 5V 
0.00 
1 I 
petit t, TIME (us) 9p (REF) 
G(ACT) Ig (ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 
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RFP3SONO6LE 


Typical Performance Curves (Continued) 


las, AVALANCHE CURRENT (A) 


0.01 0.1 


a8 
y= +25°C {1 
STARTING Ty = +150°C i 


IfR 

tav= = (Litas .3*RATED BVpgs - Vpp) 

If Re 

tay = (UR)In{(las*RV(1 .S*RATED BVpss - Vpo) +1] SN 


10 


tay, TIME IN AVALANCHE (ms) 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits 


FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 


ton torr 
tp(on) tD(OFF) 
tr 
Vv 
DS 90% 
10% 
90% 
Ves 50% 50% 
—<——— PULSE WIDTH 
10% 


FIGURE 16. RESISTIVE SWITCHING WAVEFORMS 


Vps 


VARY tp TO OBTAIN 
REQUIRED PEAK las 


Rg 


Vas : _ 

— Ww 

LW 

>” 

a?) 

“ = 

Qe 

Ow 

Os 

Ad 

FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT a. 

Vpp 
Res 
Vps 
Ves 
| | DUT 
OV 


Res 


FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 
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RFP3ONO6LE 


Temperature Compensated PSPICE Model for the RFP30NO6LE 


SUBCKT RFPSONO6LE 2 1 3; 
CA 12 8 1 3.34e-9 

CB 15 14 3.44e-9 

CIN 6 80 1.343e-9 


DBODY 7 5 DBDMOD 
DBREAK 5 11 DBKMOD 
DESD1 91 9 DESDiMOD 
DESD2 91 7 DESD2MOD 
DPLCAP 10 5 DPLCAPMOD 


rev 6/2/93 


DPLCAP 5 


10 


RSCL1 


RSCL2 .51 _DBREAK 


(3) ESCL 
50 


RDRAIN DBODY 


EBREAK 117 1718 75.39 
EDS 148581 

EGS 138681 

ESG6 10681 
EVTO 206 188 1 


GATE RGATE 


, LGaTe |9 MOS1 


IT8 171 


LSOURCE 
LDRAIN 2 5 1e-9 . 


LGATE 1 9 7.22e-9 
LSOURCE 37 6.31¢e-9 


SOURCE 


MOS1 16 6 8 8 MOSMOD M = 0.99 
MOS2 16 21 8 8 MOSMOD M = 0.01 


18 


S2B 


RBREAK 17 18 RBKMOD 1 
RDRAIN 50 16 RDSMOD 11.86e-3 
RGATE 9 20 2.52 

RIN 6 8 1e9 

RSCL1 5 51 RSLVCMOD 1e-6 
RSCL2 5 50 1e3 

RSOURCE 8 7 RDSMOD 26.6e-3 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
$1B 13 12 13 8 S1iBMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 216 0.5 


ESCL 5150 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/89,7)) 


.MODEL DBDMOD D (IS = 3.80e-13 RS = 1.12e-2 TRS1 = 1.61e-3 TRS2 = 6.08e-6 CJO = 1.05e-9 TT = 3.84e-8) 
-MODEL DBKMOD D (RS = 1.82e-1 TRS1 = 7.50e-3 TRS2 = -4.0e-5) 

.MODEL DESD1MOD D (BV = 13.54 TBV1=0 TBV2=0 RS = 45.5 TRS1=0 TRS2 =0) 

-MODEL DESD2MOD D (BV = 11.46 TBV1 = -7.576e-4 TBV2 = -3.0e-6 RS =0 TRS1=0 TRS2 =0) 
-MODEL DPLCAPMOD D (CJO = 0.591e-9 IS = 1e-30 N = 10) 

MODEL MOSMOD NMOS (VTO = 1.94 KP = 139.2 IS = 1e-30 N=10 TOX=1 L=1u W = 1u) 
.MODEL RBKMOD RES (TC1 = 1.07e-3 TC2 = -3.03¢e-7) 

-MODEL RDSMOD RES (TC1 = 5.38e-3 TC2 = 1.64e@-5) 

-.MODEL RSLVCMOD RES (TC1 = 1.75e-3 TC2 = 3.90e-6) 

-MODEL RVTOMOD RES (TC1 = -2.15e-3 TC2 = -5.43e-6) 

-MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-4.05 VOFF = -1.5) 

MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-1.5 VOFF = -4.05) 

MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-2.2 VOFF = 2.8) 

-MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.8 VOFF = -2.2) 


.ENDS 


NOTE: 


1. Forfurther discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFet Featuring Global Temperature 
Options; IEEE Power Electronics Specialist Conference Records 1991. 
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i? HARRIS RFP5SONOS5L 
RFG5SONOS5L 


N-Channel Logic Level Enhancement-Mode 


May 1992 Power Field-Effect Transistors (MegaFETs) 

Features Package 
e UIS SOA Rating Curve (Single Pulse) RFP50NO5L 
© Desi Optimized for 5V Gate Dri TO-220AB 

esign Optimized for ate Drive TOP VIEW 
e Can be Driven Directly from CMOS, NMOS, TTL Circuits DRAIN — 

; i TP Terr 

¢ Compatible with Automotive Drive Requirements (FLANGE) — DRAIN 
¢ SOA is Power-Dissipation Limited | . a — 


e Nanosecond Switching Speeds 


e Linear Transfer Characteristics 


e High Input Impedance oe 
TO-247 
e Majority Carrier Device TOP VIEW 


Description 


The RFP50NO5L and RFGS5SONOSL N-channel logic-level pow- 
er MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those of 
LSI integrated circuits gives optimum utilization of silicon, 
resulting in outstanding performance. They were designed for 
use with logic-level (5V) driving sources in applications such 
as programmable controllers, automotive switching, switching Terminal Diagram 


” 
regulators, switching converters, motor relay drivers, and emit- - ir 
ter switches for bipolar transistors. This performance is accom- N-CHANNEL ENHANCEMENT MODE Wu. 
plished through a special gate oxide design which provides full D i 8 
rated conductance at gate bias in the 3V - 5V range, thereby aos 
facilitating true on-off power control directly from integrated 0 oc 
circuit supply voltages. S “ 

all 
The RFPSONOSL is supplied in the JEDEC TO-220AB plastic 4 
package and the RFGSONOSL is supplied in the TO-247 plas- G 
tic package. 
S 
Maximum Ratings, Absolute-Maximum Values (To = +259C) 
UNITS 

Diain=SOurce VOHAGS ss cccicsw ca csw ce tew adc ne Kewten eee er see WOKEN RAM NOH ORO ORO RHE S Vps 50 V 
Drain-Gale Voltage (AGS = UME) ace kaced end ascnnaws se ene 066 a86 050400408 Brae OEE RE OSs VDGR 50 V 
Continuous Drain Current 

AMS COMUMMGUS c60 00020 bis os Netw Nba K6045 508 EE ENE ed KO OE RENO RAKE DRS CeeeU en DEEe TOS Ip 50 A 

Pulsed Diditt GUNG sé «ovine teed e490 0006446 0e ded AR OKC REG ORR TER RAS cas eed ee EOE SEE eee ee IDM 130 A 
Single Pulse Avalance Rating, Refer to UlIS SOA Curve 
IG BAUS VOURIS ancien os tc kowad £4e ees ew Oe eRe Ned eR es DH enR OOS DEER ROR REDE CREE ee Omada Vas +10 V 
Maximum Power Dissipation 

TE PES i ccas ccna hesnte neon dude eetiae 0015104400656 5806 eKeK aes edwEN Rowen nee caieKn aie Pp 110 WwW 

Rave Te 8420 OSG LING pc vsceiacsiadannegenereeenerneseetieneesesseee eases ees 0.88 W/9C 
Operating and Storage Junction Temperature Range... .....ccccccccccccccccccccccccecs Ty, iste -55 to +150 oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 9492 4.1 
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Specifications RFP5ONO5L, RFG5ONOSL 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C unless otherwise specified. 


LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS | oMIN: | MAX. UNITS 


Drain-Source Breakdown Voltage BVDSS ID = 0.25 mA, VGS = OV = 
Gate Threshold Voltage VGS(th) VGS = VDS, ID = 0.25 mA 


VDS = 40 V, VGS = OV 


Gate-Source | Gate-Source Leakage Current = Current | VGS=£10V,VDS=0V | +10V, VDS = OV 


a ea 
ea on 

a se 
ae Ce cette 
eae 
(a Ca ae 
Turn-Off Time | tof) 
ae a 


VDD = 25 V,ID = 25A,RL=1N 
L=0.2 yH,Igi =Ig2=2A 150 pJ 
VGS (clamp): +5 V, -0.6 V 

Thermal Resistance, Junction to Ambient _| _ROJA toe 


VDD = 25V,ID=25A 
Igi =Ig2=2A 
VGS (clamp): +5 V, -0.6 V 
RL=190 


VDD = 40 V 
nc 


Turn-Off Energy Loss per Cycle 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


LIMITS 
CHARACTERISTICS TEST CONDITIONS 


Reverse Recovery Time trr ISD = 50 A, dISD/dt = 100 A/us ee ee ee 


CASE TEMPERATURE (Tc)=25. degC 


- AMPS 
mail| 
allli 


i 2) 


10.0F 


Ss SVE GEE ee Gees GE ES er eo oe re ES Ge Ge a me 


mee 
pee 
J 
|| 
pO | 
PS 
— 
— 
r— 
= 
sl 
|_| 


sa ee ' 
ae ——— | | ( 
a) ar ; 
~ Qa : a 
z eee ee 
= ae 4 = 
“4 ae = ae 
S a aes eee Ge nome 
” | .0 eee ae ee ee icon 
z —— rf oT dy td 
x a) a 
arses) aaa 
2 —— TTI LPS itl 
ee | 
0.1 a Bs hy 
1 10 100 0.1 10.00 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS TIME IN AVALANCHE (tav) - MILLISECONDS 
Figure 1 - Safe operating area curve. Figure 2 - Unclamped-inductive-switching safe-operating-area 
(Curves must be derated linearly with increase in temperature.) (single pulse UIS SOA). See Figure 14 for test circuit. 
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ORAIN CURRENT (Id) - AMPS 


Figure 3 - Maximum continuous drain current vs. temperature. 


DRAIN CURRENT (Id) - AMPS 


NORMALIZED Rde(Con) 


RFP50NO5L, RFGSONOSL 


0 
0.0 1.5 3.0 4.6 6.0 7.6 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 


Figure 5 - Typical saturation characteristics. 


PULSE DURATION=250ue Vge=5V Id=-SOA 


0 50 
JUNCTION TEMPERATURE (TJ) - deg 


Figure 7 - Normalized Rds(on) vs junction temperature. 


Figure 4 - Normalized power dissipation vs temperature derating curve. 
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0.2 


0.0 
0 


ON-STRTE ORAIN CURRENT [Id(on)) - AMPS 


NORMALIZED Rde( on) 


POWER DISSIPATION MULTIPLIER 
oc 
@ 


& tA) 100 126 160 
CASE TEMPERATURE (Tc) - degC 


Vde-16V 


0 
0.0 1.5 3.0 4.5 6.0 7.6 
GATE-TO-SOURCE VOLTAGE (Vge) - VOLTS 


Figure 6 - Typical transfer characteristics. 


2.0 PULSE OURATION=250ue Id=50A 


0.8 
0.4 


0.0 
4 5 6 
GATE-SOURCE-VOLTAGE (Vge) - VOLTS 


Figure & - Normalized Rds(on) vs Vgs. 
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RFP50NO5L, RFGSONO5L 


Vgs=Vds_ Id=250uA 


2.0 2.0 Id=250uA 
lu wn 
«wo ed 
Cc — 
—_ wo 
=! o> 
S 1.6 =" 1.6 
oOo 
Qa n = 
3 os 
a — = 
in 1.2 Ae lie 
eo a) 
Bo Sw 
VJ aw 
wo = 
= 0.8 & 0.8 
wo NO 
oo 
ry z= 
= zo 
7 0.4 590.4 
c zx 
= c 
ec Ww 
[=] a 
=z @ 
0.0 0.0 
-60 0 50 100 150 200 -50 0 100 150 200 
JUNCTION TEMPERATURE (TJ) - degC JUNCTION TEMPERATURE (TJ) - degC 
Figure 9 - Normalized gate threshold voltage. Figure 10 - Normalized drain source breakdown voltage vs temperature. 
Vgs"OV FREQUENCY (f)=!MHz 
6000 
5000 
= 
” ” 
' 4000 5 + 
: ; ; 
\ 8 a 
® 9000 $ > 
c 
—_ 
© 2000 
a. 
c 
oO 
1000 


0 5 10 15 20 25 REF) " REF) 
DRAIN-TO-SQURCE VOLTAGE (Vds) - VOLTS 20 ACT TE CEOS 80 ACT) 
Figure 11 - Typical capacitance vs voltage. Fig. 12 - Normalized switching waveforms for constant gate- 
current. Refer to Harris application notes AN7254 and 
AN-7260. 
Yoo Ton 
Tdtond ~ 
AL INVERTED 


Vos 
0 
ty) 
5V 
1 PS se os oe ee ee ee ee 
Switching Test Circuit Switching Waveforms 


Figure 13 - Resistive switching. 
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RFP50NO5L, RFG5ONOSL 


BYpss 


VARY t, TO OBTAIN 
REQUIRED PEAK lis 


Ac 


Vgs oe 


UIS Test Circuit UIS Waveforms 


Figure 14 - Unclamped-inductive-switching test. 
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ao 


March 1994 


Features 


10A, -30V 

Ips(on) = 0.2002 

UIS Rating Curve (Single Pulse) 
SOA is Power-Dissipation Limited 
Nanosecond Switching Speeds 
Linear Transfer Characteristics 
High Input Impedance 

+175°C Operating Temperature 
PSPICE Model 


Description 


The RFP10PO03L P-Channel power MOSFETs are manufac- 

tured using the MegaFET process. This process, which uses SOURCE 
feature sizes approaching those of LSI integrated circuits DRAIN DRAIN 
gives optimum utilization of silicon, resulting in outstanding (TAB) aie 
performance. They were designed for use in applications 

such as switching regulators, switching converters, motor 


drivers, relay drivers and emitter switches for bipolar transis- 
tors. These transistors can be operated directly from inte- 


FARRIS ARFD10P03L, RFD10P03LSM 


SEMICONDUCTOR 


RFP10PO03L 


10A, -30V, Avalanche Rated, Logic Level P-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) 


Package 
TO-220AB 
TOP VIEW 
Oe DRAIN 
AB 
TO-251AA 
TOP VIEW 
SOURCE 
DRAIN DRAIN 
(TAB) 
GATE 
TO-252AA 
TOP VIEW 


grated circuits. Symbol 
The RFD10PO3L is supplied in the JEDEC TO-251AA plastic 7 
package, the RFD10OPO3LSM is supplied in the JEDEC 
TO-252AA plastic package and the RFP10PO3L is supplied in 
the JEDEC TO-220AB plastic package. Due to space limita- 
tions the RFD1OPO3L and the RFD1OPO3LSM are branded 
10PO03L and the RFP10P03L is branded FP10PO3L. G 
When ordering use the entire part number; e.g. RFD10- 
PO3LSM. 
Formerly developmental type TA49012. . 
Absolute Maximum Ratings (T, = +25°C) 
RFD10PO3L, 
RFD10P03LSM, 
RFP10P03L UNITS 
DYGIN SOUCS VONBGG ccs sca cnders nee stern ees Os HO RTSS HE Oe HOSE DET OENTS GROWS Voss -30 V 
LBUT ELS VANCE 4 hee ane oneynehee nwa n$hbo eds hwenedden sane C edad seme ecesd Vpar -30 V 
(SAIS SOURCE VONAGS bu sews soccer tneesensdess edn Seees ded been Redd E EOE Ee eade de Ves 10 V 
Drain Current 
Pinte GONUNUGUS cen vcden econ cae he One eOdne's 9b050549 OREO DAS SEED LES ERERREDES Ip 10 A 
Pee Cl) GOOG onc kod oi'c FRG een ode Ree Ree t0ee Rk RATE OHAxeeS lom 25 A 
Sng Pubs AVAISNONG FRING cceccces seven cen seca send ene hens tad eee eee awe Eas _- Refer to UIS Curve 
Power Dissipation 
(Te = +25°C) eee ere ee eee ee ee ee ee ee ee ee ee ee Pp 60 W 
Dares GIOVE 42S ns cu dicennweds bendatkeeen ww oan ns send RE dee er eaneaene’ Py 0.4 WC 
Operating and Storage Temperature ..... 0.0... cee eee eee ee nee Tste@,Ty -55 to +175 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 351 5 
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Specifications RFD10P03L, RFD10PO03LSM, RFP10P03L 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Voltage Ip = 0.25mA, Ves = OV 
Gate Threshold Voltage Ves = Vos; Ip = 0.25mA -1 


Zero Gate Voltage Drain Current is To = +25°C 


LIMITS 


CHARACTERISTIC ve 


—_ ie) 


Teo = +1 50°C 


Gate-Source Leakage Current Ves = t10V 100 
On Resistance DS(ON) Ip = 10A, Ves = -5V 0.200 


Turn-On Time F ton Vop = 15V, Ip = 10A 
Turn-On Delay Time toon R, = 1.5, Veg = -5V 
Rise Time pote Res = 5 


Turn-Off Delay Time to(oFF) 


ton 
Turn-Off Time 
Total Gate Charge Ves = 0 to -10V 
Gate Charge at 5V Vas = 0 to -5V 
Threshold Gate Charge Ves = 0 to -1V 
Plateau Voltage Ip = 10A, Vps = -15V 
Input Capacitance Vos = -25V, Ves = OV 
JC 
BJA 


_ 
Nh 
oO 


w 
o 
3 

?) 


on 
=| 
?) 


oO on One ae 
apaia;il so 


670 


no) 
a 


2 
aul 

i 
> oO 
WoO 
+s 
Se 
Ow 
Os 
i ®) 
a 


Output Capacitance f = 1MHz 
Reverse Transfer Capacitance 


C 
Thermal Resistance R 
Junction to Case 
Thermal Resistance R 
Junction to Ambient 


Source-Drain Diode Ratings and Characteristics 
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CHARACTERISTIC 


LIMITS 
cm [oe [we 
pe 


Forward Voltage 


Reverse Recovery Time 
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RFD10P03L, RFD10PO3LSM, RFP10P03L 


Typical Performance Characteristics 


DRAIN CURRENT (Ip) - AMPS 


DRAIN CURRENT (Ip) —- AMPS 


30 


10 


12 


10 


25 50 75 100 125 150 175 


CASE TEMPERATURE (Tc) = +25°C 


SOCKS HHCSHSECECREREREReReeeeeeeheesetasetessnecse Le pgesneunesensss ee x 
ty] | bet i | rs 
pe WEE eS i Om == 
ee | H+} NY < 

fe le =e oass NB : 
aes Crees : 
dt 


OPERATION IN THIS 
AREA MAY BE 
LIMITED BY Rpsion) 


—— Vpss 
MAX = -30V 


-1 -10 -50 


DRAIN-TO-SOURCE VOLTAGE (Vps) — VOLTS 
FIGURE 1. SAFE OPERATING AREA CURVE. 


CASE TEMPERATURE (Tc) - °C 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 


DRAIN CURRENT (Ip) - AMPS 


TEMPERATURE. 


PULSE DURATION = 2501s Tc =+25°C 


ef | | 


Vesey] 


-0.0 0 A. 5 3 -3.0 4.5 6.0 -7.5 


DRAIN-TO-SOURCE VOLTAGE (Vps) — VOLTS 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS. 


os Se es 


| et TT Ne | stantina Ty = +25°C 


oo as + STARTING Ty = +150°C 
10 sun 
a 


5 


las - AMPS 


IfR=0 
: AY = On asV(1.3*RATED BVpgsg - Vpp) 
F 3 
tay = (UR)In[(Iag*RW/(1.3*RATED BVpgg - Vpp) +1] 


0.01 0.1 1 10 
TIME IN AVALANCHE (tay) — MILLISECONDS 


FIGURE 2. UNCLAMPED INDUCTIVE-SWITCHING. 


1 


POWER DISSIPATION MULTIPLIER 


CASE TEMPERATURE (Tc) - 


FIGURE 4. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TURE DERATING CURVE. 


PULSE TEST 
PULSE DURATION = 250us 
DUTY CYCLE = 0.5% M 


ON STATE DRAIN CURRENT [Ipyon)] — AMPS 


0 
0.0 -10 -20 -30 -40 -5.0 -6.0 -7.0 -8.0 
GATE-TO-SOURCE VOLTAGE (Vgs) - VOLTS 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS. 
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RFD10P03L, RFD10P03LSM, RFP10P03L 


Typical Performance Characteristics (Continued) 


- PULSE DURATION = 250s, Vgg = -5V, Ip = 10A a Ves=Vps Ip =250uA 
2.0 5 1.6 
S oie 
Pd <u, 
oc 1.5 Og 1.2 
Ww WF 
N NO 
J Js 
< 1.0 Zn 08 
= = | 
rv Te) 
Oo Or 
z =O 
0.5 WwW 0.4 
ro 
~ 
0.0 0.0 
-80 -40 0 40 80 120 160 200 -80 -40 0 40 80 120 160 200 
JUNCTION TEMPERATURE (T,) — °C JUNCTION TEMPERATURE (T) - °C 
FIGURE 7. NORMALIZED Tps(on) VS JUNCTION TEMPERA- FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TURE. TEMPERATURE. 
Ip = 250A Vas = 0V FREQUENCY (f) = 1MHz 
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CAPACITANCE (C) - pf 


NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BYVpss) 
r=) 
> 
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° 


fad 
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+0 
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-40 0 40 80 120 160 200 
JUNCTION TEMPERATURE (Ty) — °C DRAIN-TO-SOURCE VOLTAGE (Vps) - VOLTS 


FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN FIGURE 10. TYPICAL CAPACITANCE vs VOLTAGE. 
VOLTAGE vs TEMPERATURE. 


) 
° 


(Tc) = +25°C, Ip = 5A 


2.0 


> > 
on 
E g 
z = -22.5 > 
r is - 
S © -15.0 g 
: : | “ 
= ie \ oc 
x 2 2 
9 o -75 eo 5 
z | uo 
& : rr) 
o 0.0 : 
! 
0. G(REF 
30 40 50 60 -7.0 -8=0 -90 -10.0 20 <= — TIME (t) — ps ome 
GATE-TO-SOURCE VOLTAGE (Vgs) - VOLTS G (ACT) G(ACT) 
FIGURE 11. NORMALIZED rpgon) VS GATE VOLTAGE FOR FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT DRAIN CURRENT. CONSTANT GATE CURRENT. REFER TO HARRIS 


APPLICATION NOTES AN7254 AND AN7260. 
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RFD10P03L, RFD10P03LSM, RFP10P03L 


Typical Performance Characteristics (Continued) 


-Vop 
ton torr 
to(on) ‘D(OFF) 
Ri 
Vine Vps 90% 
OV 
| | DUT 10% 
“Ves Res 90% 
y 50% 
as —<———— PULSE WIDTH 
10% 
FIGURE 13. RESISTIVE SWITCHING TEST CIRCUIT. FIGURE 14. RESISTIVE SWITCHING WAVEFORMS. 
Vos 


VARY t, TO OBTAIN 
REQUIRED PEAK las 


esi 


-Ves 


FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT. FIGURE 16. UNCLAMPED ENERGY WAVEFORMS. 
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RFD10P03L, RFD10PO3LSM, RFP10P03L 


PSPICE Model for the RFD10P03L, RFD10PO3LSM, RFD10PO3L (temperature Compensated) 


CA 12 8 1.42e-9 
CB 15 14 1.3e-9 
CIN 6 8 0.67e-9 


DBODY 5 7 DBDMOD 
DBREAK 7 11 DBKMOD 
DPLCAP 10 6 DPLCAPMOD 


EBREAK 5 11 17 18 -51.9 
EDS 148581 

EGS 138681 

ESG 510861 
EVTO 206 8 18 1 


IT 8 17 1 


LDRAIN 2 5 1e-9 
LGATE 1 9 8.7e-12 
LSOURCE 3 7 7.6e-9 


MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 


RBREAK 17 18 RBKMOD 1 
RDRAIN 5 16 RDSMOD 79.08e-3 
RGATE 9 20 12.25 

RIN 6 8 1e9 

RSOURCE 8 7 RDSMOD 27.49e-3 
RVTO 18 19 RVTOMOD 1 


S1A 6 12 13 8 S1AMOD 
$1B 13 12 138 S1iBMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13 15 14 13 S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 -0.50 


.MODEL DBDMOD D (IS=1.14e-13 RS=2.86e-2 TRS1=6.29e-4 TRS2=-2.76e-6 CJO=8.55e-10 TT=3.84e-8) 
.MODEL DBKMOD D (RS=3.32e-1 TRS1=5.50e-3 TRS2=-5.38e-5) 

.MODEL DPLCAPMOD D (CJO=0.43e-9 IS=1e-30 N=10) 

.MODEL MOSMOD PMOS (VTO=-2.01 KP=5.3105 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC 1=6.07e-4 TC2=3.30e-6) 

.MODEL RDSMOD RES (TC1=3.48e-3 TC2=8.83e-6) 

.MODEL RVTOMOD RES (TC1=-1.51e-3 TC2=8.74e-7) 

.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=4.42 VOFF=2.42) 

.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=2.42 VOFF=4.42) 

.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=1.43 VOFF=-3.57) 

.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3.57 VOFF=1.43) 


.ENDS 


NOTE: For further discussion of the PSPICE model consult 
Global Temperature Options; authored by William J. Hepp and C. Frank Miieation 
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POWER MOSFETs 7 


INTELLIGENT DISCRETES 
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INTELLIGENT 
DISCRETES 


7-1 


FARRIS 


SEMICONDUCTOR 


GD 


April 1993 
Features 
e 18A, 100V 
® DS(ON) isi Bo le Oo) ae be SS. Se OE EOS ew are Se eUE oo Sree 0.12 
¢ Built-in Current Sensing Ratio.............. 1350 to 1650 


e UIS SOA Rating Curve (Single Pulse) 
e -55°C to +175°C Operating and Storage Temperature 


Description 


The RFB18N10CS is an n-channel enhancement-mode silicon- 
gate power field-effect transistors which have a built-in current 
sensing function. The current sense lead provides an accurate 
fraction of the drain current that can be used as a feedback signal 
for control and/or protection. These devices can be repeatedly and 
economically produced on the standard PowerMOS production 
line. 


Because of space limitations, branding (marking) on type 
RFB18N10CS is F18N10CS. 


Absolute Maximum Ratings (Tc. = +25°C), Uniess Otherwise Specified 


ER ee OO so cies etettniorneormvviawrinc eee een 
DIO VON BIG essscicessnuioaioueanmmreimnaiennanmeaeatnes 
Gale-Soured VOUa0G sencasnsninsecnccminn mann nmnennmumnnEnonmenanbeos 


Continuous Drain Current 


Pee: CaO So cccacecnsansrnnnecranennnicnnnindsinuneoneieomeinelatinenaahanmaememnamesss 


Single Pulse Avalance Rating, Refer to UIS SOA Curve (Figure 10) 
Power Dissipation 


To = +25°C basin vcnSh setae dies csenadeusseeeuNeesaedessonssesenee toned es tenseusseetscssoceeduercrscswcciosensee 
Above Te 425°C, Derdte LINDANY ccnssccssssnsssernienasncinncneeimnnmnncasnes 
Operating and Storage Junction Temperature Range............ccccsssesssssssreeesees 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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RFB18N10CS 


Current Sensing N-Channel 


Enhancement-Mode Power Field-Effect Transistor 


Package 


TS-001AA 
TOP VIEW 


DRAIN 
(FLANGE) 


=N @Q2 di 


TERMINAL CONNECTIONS 


1 - Gate 

- Current Sense 
- Drain 

- Source Kelvin 
- Source 


on & G PM 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


SOURCE 
KELVIN 
G CURRENT - 
SENSE Zz” 
au 
Ow 
= 
s = & 
uo 
= © 
RFB18N10CS UNITS 
aaa Vise 100 V 
easisoat — 100 Vv 
Sfaianenpienin Ves +20 V 
pincdabsarntion Ip 18 A 
‘etiedaphiamceds is 56 A 
ere ee Pp 79 Ww 
ee ere 0.53 WC 
seGedecnssces Ty, Tstc -55 to +175 °C 


2430.3 


File Number 


Specifications RFB18N10CS 


Electrical Characteristics At Case Temperature (T,) = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTICS SYMBOL TEST CONDITIONS | MIN: | MAX | UNITS 


Drain-Source Breakdown Voltage Ip = 0.25mA, Veg = OV | woo f - | Vv 
Gate Threshold Voltage Ves = Vps: Ip = 0.25MA 


Zero Gate Voltage Drain Current Ves = 0 
Vps = 100V, Te = 25°C 250 
Vos = 80V, Te = 175°C 1000 
aE: 
aa 
poo 


Static Drain-Source On Resistance TDS(ON) Ip = 9A, Vag = 10V 


Gate-Source Leakage Current | lass Ves = t20V, Vps = OV 


Forward Transconductance 


Current Sensing Ratio | oe 


Ip = 14A, Vgg = 10V 


Turn-On Delay Time to(on) 


Rise Time 


th 

Turn-Off Delay Time 

Fain 
JA 


Total Gate Charge Qe (ToTAL) Ip = 14A, Vps = 80V, 
Ves = 10V 


ee 


Source-Drain Diode Ratings and Characteristics 


SYMBOL 
Vsp 


Thermal Resistance, Junction-to-Ambient 


LIMITS 


TEST CONDITIONS 


Isp = 14A, dlsp/dt = 100A/ys 


CHARACTERISTICS 


Diode Forward Voltage 


Reverse Recovery Time 


Typical Performance Curves 


Pulse Duratlon=250us, Du le=2Z, Tc=25°C 


sn 
/Anee 
Anes 


DRAIN CURRENT - A 


DRAIN CURRENT - A 


0 0 20 x 0] ae 50 2 4 8 
DRAIN-TO-SOURCE VOLTAGE - V GATE-TO-SOURCE VOLTAGE - V 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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RFB18N10CS 


Typical Performance Curves (Continued) 


Pulse Duratlion=260us, Duty Cycle=27 


DRAIN CURRENT - A 


2 3 
DRAIN-TO-SOURCE VOLTAGE - V 
FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 


DUTY CYCLE = 2z Vong @ 10V 


ae DURATION = 260uS, 


FORWARD TRANSCONDUCTANCE - mho 
@ 


10 2 
DRAIN CURRENT - A 


FIGURE 5. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 


DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
NORMALIZED 


“50 -5 0 © BD 6% 10 15 1m 1% 
JUNCTION TEMPERATURE - °C 


FIGURE 7. NORMALIZED BREAKDOWN VOLTAGE vs 
TEMPERATURE 


_ ppg OSE_TEMPERATURE = 25% 


« 
ba 0. oo fee 
=z 
a 
= Operation in this area i 
a may be Iimited by Roscon> 1Ome 
=z 
« 
~ 1.0 er = OC 
2 Sy ee ee 
OAT: AES RBA NA IVER! EL 8H 
[mona a Ga ee 
0.1 
1.0 100.0 


10.0 
DRAIN-TO-SOURCE VOLTAGE - V 


FIGURE 4. MAXIMUM SAFE OPERATING AREAS (CURVES 
MUST BE DERATED LINEARITY WITH INCREASE 
IN CASE TEMPERATURE) 


POWER DISSIPATION - W 


60 i) 100 
CASE TEMPERATURE - C 


FIGURE 6. POWER DISSIPATION vs CASE TEMPERATURE 
DERATING CURVE 


INTELLIGENT 
DISCRETES 


I,=!0R. V.."10V 


DRAIN-TO-SOURCE ON RESISTANCE 
NORMALIZED 


"0 -% 0©F 8S BP 100, 12 = 180178 
JUNCTION TEMPERATURE - °C 


FIGURE 8. NORMALIZED ON-RESISTANCE vs TEMPERATURE 


RFB18N10CS 


Typical Performance Curves (continued) 


ua. 
a. 
: ite 
oO 
aa <= 
~ i: nt —_—. “=a 
o i = = 
= : meal On, ee 
= 2 111 WE LM aut 
“ TT TE i 
Oe lll 
deb antl AU - vdodl LH 
peMRD/1.B RATED! BVc dd) | 
10 0.01 0.10 1.00 10.00 
DRAIN-TO-SOURCE VOLTAGE - V TIME IN AVALANCHE - mS 
FIGURE 9. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 10. UNCLAMPED-INDUCTIVE SWITCHING SAFE 
VOLTAGE OPERATING AREA 
» 0-15 100.0 
£ 
° 
' c 
uy 1 
= z 
= 0.10 @ 10.0 
ia Fa) 
= =z 
é s 
Ww Qa 
{>} 
& 0.05 3 1.0 
3 
= Fo 
c 
a 
0.00 0.1 
0 20 0 0.0 O02 O04 O86 08 10 82 4.4 
DRAIN CURRENT -A SOURCE-TO-DRAIN VOLTAGE - V 


FIGURE 11. TYPICAL ON-RESISTANCE vs DRAIN CURRENT FIGURE 12. TYPICAL SOURCE-DRAIN-DIODE FORWARD 


VOLTAGE. 
R L =7.140 
Ig(REF)=0.77 
Vp TO SCOPE 
D 
Vop 
i) 1250 “ = 100V 
ips + SENS 
7 ES sa 
SOURCE | 
ov 
FIGURE 13. NORMALIZED SWITCHING WAVEFORMS FOR FIGURE 14. SWITCHING TIME TEST CIRCUIT 


CONSTANT GATE-CURRENT (REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260) 
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RFB18N10CS 


Typical Performance Curves (continued) 


T, "25°C. [,=14A 


— 


SENSE RATIO 


1450 1460 


1425 1425 
7 9 10 
GATE-SOURCE VOLTAGE - V 


FIGURE 15. CURRENT SENSE RATIO vs DRAIN CURRENT FIGURE 16. CURRENT SENSE RATIO vs GATE VOLTAGE 


SENSE RATIO 


-B 0 (23) 60 i) 100 125 150 176 
JUNCTION TEMPERATURE - degl 


FIGURE 17. CURRENT SENSE RATIO vs JUNCTION TEMPERA- FIGURE 18. CURRENT SENSE RATIO TEST CIRCUIT 
TURE 


INTELLIGENT 
DISCRETES 


tay —>| 


FIGURE 19. UIS WAVEFORMS FIGURE 20. UIS TEST CIRCUIT 
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Gg FARRIS 


SEMICONDUCTOR 


RFVIONSOBE 


10A, 500V, Fast Switching N-Channel 


December 1992 Enhancement-Mode Power MOSFETs 
Features Package 
e 10A, 500V 5 LEAD TO-247 STYLE 


TOP VIEW 


* Fps(on) = 0.48Q 

e Very Fast Turn-Off Characteristics 
Nanosecond Switching Speeds 
Electrostatic Discharge Protected 
e UIS Rating Curve (Single Pulse) 

¢ SOA is Power Dissipation Limited 
¢ High Input Impedance 


Description 


The RFV10N50BE is an N-Channel fast switching MOSFET tran- 
sistor that is designed for switching regulators, inverters and motor 
drivers. The RFV1ON5OBE is a monolithic structure incorporating a 
high voltage, high current MOSFET, a control MOSFET and ESD D 
protection diodes. As indicated in the symbol to the right, the turn- 

on of the main MOSFET is controlled by Gate 1 (G,). The control 

MOSFET, controlled by Gate 2 (Go), is distributed throughout the 

structure. Gate 2 provides a very low impedance and inductive G; 

path to rapidly discharge the gate of the main MOSFET. Gate 2 

affords very fast turn-off (typically less than 25ns) when desired. A 


Terminal Diagram 


separate return connection, Source Kelvin (S,), is supplied for the 
gate drive circuit to avoid voltage induced transients from the out- 
put circuit during switching. The RFV1O0N50BE can be operated Sk 
directly from integrated circuits. 
The RFV10N50BE is supplied in the 5 lead TO-247 style plastic pack- s 
age. 
The RFV10NSOBE was formally developmental type TA9881. 
Absolute Maximum Ratings (T. = +25°C) 
UNITS 

DEI SOUR VONRNE es ctcavn nae Redan nated RAE ARRON REETES OREO OR RMSE DA Voss 500 V 
SEIS SOMCE VOUBNG ssc cscceevnecee ede oee5se e504 bs 4 eos E44 Os HOTA ES OOS RkEEE Od Ves +14, -0.3 V 
Conte! Pet Gale SOuiCe VONRGG oie id cessed ew eddens odes oese Care baseante ease ss Ves +14, -0.3 V 
Electrostatic Discharge Rating, MIL-STD-883, Category B(2)............ ce eee eee eee ESD 2 KV 
Drain Current 

pi ges to ee ee ee eT ee ee ee Ip 10 

Pues DAM CUTE ox ccvsuscvccdcnawennds Fe wale Rede Rew Eeoe REO ETADEDENORDTER lom 25 A 
Singia: Pulse AVAIANCHS ABING .c.c cs cedi bade vd dase TAKA ER ORed en eww eRe ee bE eReae® Eas _ Refer to UIS Curve 
GOntol FET AVEIGNCH CUONE 56 ooccss6scs sees dwaseende oee0n e565 80Ke sek eens ewes las 1.5 A 
Control FET Single Pulse Avalanche Rating ........ 0... ccc eee cece ee eee eee ee eees Eas 50 mJ 
Power Dissipation 

Vp 9 Cisco cinder enn e 20508 o6N se beetens.4 00 POKER DRE Shee NsEeEse RE beeede’s Pp 156 W 

DOs ADOVE 420 Cine ccc edavde naar opesades 684g RGR EHSEESE ORE EE ENGR OEds cd ceeds 1.25 WPC 
Control FET Power Dissipation 

UE CnGok heatewenbs and Datend Laser ee peacnes ehasdseds eeackeeteunsnmteds Pp 21 W 

DMG ANG FO inc cose ease ves pes babncne 6oaewealeezsesasesastaguecsudvsuw ses 0.17 WPC 
Operating and Storage Temperature .. 1.0.2... eee eee eee ene eens Tstq, Ty -55 to +150 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3377 


Copyright © Harris Corporation 1992 7 


Specifications RFV1ON50BE 


Electrical Characteristics Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


[Gato Testo votane | Vaswy [Vae=Vonlo=50a «| 2 | - | # | v_ 
Zero Gate Voltage Drain Current Vps = 500V, 1 pA 


Ves = +12V, Ves = -0.3V 
'ps(on) Ip = 10A, Ves = 10V 


Vop = 250V, Ip = 10A, Ry, = 250, 
Ves = Veso = +10V, Resi = 6.25Q, 
Rese = 202 


2 
+500 nA 
0.48 


on 
>) 
> 


Gate-Source Leakage Current 


On Resistance Q 


ol 


Turn-On Time 
Turn-On Delay Time 
Rise Time 

Turn-Off Delay Time la(otf) 
Fall Time 


Turn-Off Time 


>i 
= 


fo i?) £ |e 
g S |} 
a> | (eo) 


oO 


ht 
a~ 
a 
— 
a) 
—) 
Q) 


Total Gate Charge 


Veg = OV to 10V 


Vos = 25V, Ves = OV, f = 1MHz 


oO 


Gate Source Charge 
Gate Drain (“Miller”) Charge 


QO 


3800 
290 


ot; — 
NTN 


Input Capacitance 


& 


Output Capacitance 


no} 
n 


Coss 


olilsaisatis 5 = 
=F 


Reverse Transfer Capacitance 


= 
1) 


Bo) 
+ 


Thermal Resistance 


Junction to Case 
Junction to Ambient 


fe) 
= 


N ] MO 


Rec 
Resa 


fe) 
= 


Thermal Resistance 


BN 
oO 


Control FET Characteristics 


LIMITS 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


[oetaaveesy f ~ | ~ |e |e 


Source-Drain Diode Ratings And Characteristics 


Static Drain to Source 
Drain Source Breakdown Voltage 
Gate Threshold Voltage 


Total Gate Charge 


CHARACTERISTIC SYMBOL TEST CONDITIONS 


SD Isp = 10A, Ves = OV 


Continuous Source Current 
Pulsed Source Current 
Forward Voltage 


Reverse Recovery Time Isp = 10A, Veg = OV, dlgp/dt = 100A/ms 


- 


Bovenivenegs |e 
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INTELLIGENT 
DISCRETES 


RFV1IONSOBE 


Performance Curves 


CASE TEMPERATURE (Tc)=25 degC 


AN 


ee wee 


OPERATION IN THIS 


RARER MAY BE 
LIMITED BY rDSCon) 


DRAIN CURRENT (Id) - AMPS 


100 
DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 
FIGURE 1. SAFE OPERATING AREA CURVE 


DRAIN CURRENT (Id) - omps 


0 
2 35 645068665 
CASE TEMPERATURE (Tc) - degl 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


75 68506— 985s 105 «115 «6125 «136 «(145 


PULSE DURATIDN=250us Jcs25de Q 


DRAIN CURRENT (Id) - amps 


0.0 2.5 5.0 7.5 10.0 12.5 15.0 
DRAIN-TO-SOURCE VOLTAGE CVde> - volts 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


STARTING Tj - 25°C 
STPRTING Tj — 150°C 


AVALANCHE CURRENT (Ios) - omps 


Reo | | | CT III 


|| | 

cL 

tav=(L)(Ing)/(1.9 RATED BVdes-ved) | | | [ [NN 
1 


0.01 0.10 
TIME IN AVALANCHE (tov) - ms 


FIGURE 2. UNCLAMPED INDUCTIVE-SWITCHING 


oO 


POWER DISSIPATION MULTIPLIER 
=) °o 
™ @ 


25 50 75 100 126 150 
CASE TEMPERATURE (Tc) - degC 


FIGURE 4. NORMALIZED POWER DISSIPATION vs TEMPERA- 
TURE DERATING CURVE 


Vdd-30V 


& 


PULSE TEST 
PULSE DURATIDN=250us 
DUTY CYCLE=.52 MAX 


Ean 
ttt} yy 


8 


COCO 
Ce 
Ty 


ON-STATE DRAIN CURRENT [Id(on>] - omps 


28degl 
40degC 

4.0 5.0 6.0 7.0 8.0 9.0 10.0 

GATE-TD-SDURCE VOLTAGE (Vgs)> - volts 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFV1IONSOBE 


Performance Curves (Continued) 


PULSE DURATIDN=250us Vgs=10V Id=10A Ygs"Vds Id=25QuA 


3.0 2.0 
WwW 
2.5 © 
a 1.5 
ie > 
& 2.0 3 
45 zl eg 
rt Fe 
= Ww > 
z 1.0 5 
S G 0.5 
0.5 ¢ 
0.0 0.0 
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (Tj) - degC JUNCTIDN TEMPERATURE CTj> - dagl 
FIGURE 7. NORMALIZED Tps(on) VS JUNCTION TEMPERATURE FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 
5000 VYgs-OV Frequency ( f)-1MHz 


CAPACITANCE (C> - pf 
De) 


NORMALIZED DRAIN- TO-SOURCE 
BRERKOOWN VOLTAGE (BVdss } 


"-50 -25 0 25 50 15 100 125 150 ‘ 5 1a 15 20 25 
JUNCTIDN TEMPERATURE (Tj > - degl DRAIN-TO-SOURCE VOLTAGE (Vds) - volte 
FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN FIGURE 10. TYPICAL CAPACITANCE vs VOLTAGE 
VOLTAGE vs TEMPERATURE 
1 0 EE 
: 2 ¢ 
. . a ES SES =e StH es sitter sea ast HE 
g & , Sect = en a re emee 
a 
eg 2 go. iit ati 
S 5 fF HF ja8 1 = tH 
se x inal =e 
a 
: Bice ait 
z RL=50 ohms Ww me —- —_—s Sime aeaeyy 
ee Ig(REF)=3.25mA 5 g amit am — Duty Cycle. O-t1/t2 
5 Vge=1 OV 9 “Pp, x2 
. - FAH 0 * Zar 
Ig(REF) - Ig( REF) 1075 1074 1079 1072 0.1 1 10 
IgCACT) ld vm = IgCACT > RECTANGULAR PULSE WIDTH (PW) - s 
FIGURE 11. TYPICALSWITCHING WAVEFORMSFORCONSTANT FIGURE 12. MAXIMUM NORMALIZED TRANSIENT THERMAL 
GATE CURRENT. REFER TO APPLICATION NOTES IMPEDANCE 
AN7254 AND AN7260 
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INTELLIGENT 


DISCRETES 


RFV10N50BE 


Performance Curves (continued) 


Ves1 


FIGURE 13. RESISTIVE SWITCHING TEST CIRCUITS FIGURE 14. RESISTIVE SWITCHING WAVEFORMS 


Ves ’ 4 
VARY tp TO OBTAIN 
REQUIRED PEAK las ts > tav 
OV 
FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 16. UNCLAMPED ENERGY WAVEFORMS 
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iG HARRIS 


RLP1NO6CLE 


Voltage-Clamping Current-Limited ESD-Protected 
January 1994 N-Channel Enhancement-Mode Power Field-Effect Transistor 


Features Package 
e 1A, 55V TO-220AB 
TOP VIEW 
ie )-1(0)\) Seen ee ee 0.752 
© Rik snacnsuwnkinnaeartiondsacidenses 1.1A to 1.5A Max @ +150°C pe ~ === source 
> DRAIN 
¢ Built In Voltage Clamp | a” GATE 
e Built In Current Limiting 
PESO PIOtGCieG secs ccckn cde v cadenuoeendewstunedvedwngun de 2KV Min 


¢ Controlled Switching Limits EMI and RFI 
© +175°C Rated Junction Temperature 


e Logic Level Gate 


Terminal Diagram 


Description N-CHANNEL ENHANCEMENT MODE 


The RLP1NO6CLE is an intelligent monolithic power circuit which D 
incorporates a lateral bipolar transistor, resistors, zener diodes, and a 

PowerMOS transistor. The current limiting of this device allows it to be 

used safely in circuits where it is anticipated that a shorted load condition 

may be encountered. The drain-source voltage clamping offers precision 

control of the circuit voltage when switching inductive loads. “Logic Level” 

gates allow this device to be fully biased on with only 5.0V from gate to G 

source. Input protection is provided for ESD up to 2KV. 


INTELLIGENT 
DISCRETES 


Ss 

Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 

RLP1NO6CLE UNITS 
Drain-SOUrGE VORAQES civ isavca nd nen Oc ce sedans eNO RK RON OOS COONS ORE e Vpss 55 V 
Drain-Gale VONAGE os isi ccisads cee csscewss aces ees Rees eee eee es beeen VDGR 55 V 
SES SSS YONG 0S a. icien Beene eee edd icons adn ge sedans eedances on eranees Vas §.5 V 

Reverse Voltage Gate Bias Not Allowed 
Electrostatic Voltage.at TG = +2596 6 osc ccevs tense css stave cescnensoesanes ESD 2 kV 
DIGin LARTER, GORUNUOUS a es:c sien 900 edn eviawns Hew ES ENE SE RHE DE EeewDewES Ip Self Limited 
Power Dissipation Total @ TG = +25 a sieccceansces sen sana dawewa kaa a aes Pp 36 W 
Power Dissipation Derating log > 4+25°C 2.402005 cscceses neve eusncd wan de weenie 0.24 W/°C 
Operating and Storage Junction Temperature Range..........ecceecenee Tj. TSTG -55 to +175 oC 
* May be exceeded if current is limited to 10mA. 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2839.1 


Copyright © Harris Corporation 1994 
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Specifications RLP1NO6CLE 


Electrical Characteristics At Case Temperature (Tc = +25°C), Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS 


[Dron soucetrestsomvotae | 8vpeg[p=aona vegcov | ss | > | v 
[caleTWeshovotage | Ves [vos=Vosto=oasea [1 | 25 | v_ 
Zero Gate Voltage Drain Current 
On Resistance RDS(ON) Ip =1A Vas = 5.0V 

Limiting Current IDS(Limit) 


Vpp = 30.0V 


Gate Source Leakage Current 


0.75 


_ 
oi 


ol 


3 
1 


Turn-On Time t(ON) 


tp(ON) 


Bs 
” 


Turn-On Delay Time ID =1A 


= 
16) ] 
tc 
(7) 


Rise Time 


Ves = 5.0V 


tc 
i) 


Turn-Off Delay Time 
Fall Time 


Res = 25 
RL = 30 


tD(OFF) 


o) 


+ 

nN 

= 
i?7) 


Turn-Off Time OFF) 2 


V(PLATEAU) Ip=1A Vps = 15.0V 


Human Model (100pF, 1.5k2) 
MIL-STD-883B (Category B2) 


ec 
” 


nD N : : 
rea] oO 

a = 

i?) 


Plateau Voltage 


Thermal Resistance 
Junction to Case 


4.17 OC/W 


Thermal Resistance 
Junction to Ambient 


°C/W 


Electrostatic Voltage 


< 


Source-Drain Diode Ratings and Characteristics 


LIMITS 


PARAMETERS SYMBOL TEST CONDITIONS 


1.0 


Reverse Recovery Time 
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RLP1NO6CLE 


Performance Curves 


OPERATION IN THIS ARE 
LIMITED BY RdsCon) 


THIS AREA 
LIMITED BY Ids( lim) 


DRAIN CURRENT (Id) - AMPS 


l 
DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 


FIGURE 1. SAFE-OPERATING-AREA CURVE 


Vgs-Vdg=250uR 


NORMALIZED GATE THRESHOLD VOLTAGE 
CVgs(th)) 


-50 -25 0 25 50 75 100, _!e& 150 175 
JUNCTION TEMPERATURE (Tj) - C 


FIGURE 3. TYPICAL NORMALIZED GATE-THRESHOLD 
VOLTAGE 


ON-STATE DRAIN CURRENT Cid(on)] - AMPS 


| 2 3 4 5 
GATE-TO-SOURCE VOLTAGE (Vgs) - VOLTS 


FIGURE 5. TYPICAL TRANSFER CHARACTERISTICS 
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POWER DISSIPATION MULTIPLIER 


“oO 25 50 75 100,15 150. 
CASE TEMPERATURE (Tc) - °C 


FIGURE 2. NORMALIZED POWER DISSIPATION vs. 
TEMPERATURE DERATING CURVE 


NORMALIZED RdsCon) 


“50-25 0 25 50 75 100 12 150 
JUNCTION TEMPERATURE (Tj) - °C 


FIGURE 4. NORMALIZED rps(ON) vs. JUNCTION 
TEMPERATURE 


DRAIN CURRENT (Id) - A 


2 4 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


FIGURE 6. TYPICAL SATURATION CHARACTERISTICS 


INTELLIGENT 


DISCRETES 


RLP1NO6CLE 


Performance Curves (Continued) 


Ip=20mA 


NORMALIZED ORAIN-7TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss) - VOLTS 


“50-25 0 25 50 75 100. 12 150 175 


JUNCTION TEMPERATURE (TJ) - a 


FIGURE 7. DRAIN-SOURCE BREAKDOWN VOLTAGE vs. 
TEMPERATURE 


Frequency (f)=1MHz 


CAPACITANCE (C) - of 


0 5 10 15 20 25 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


FIGURE 9. TYPICAL CAPACITANCE vs. VOLTAGE 


Temperature Dependence of Current Limiting and 
Switching Speed 


The RLP1NO6CLE is a monolithic power device which 
incorporates a Logic Level PowerMOS transistor with a 
resistor in series with the source. The base and emitter of a 
lateral bipolar transistor is connected across this resistor, 
and the collector of the bipolar transistor is connected to the 
gate of the PowerMOS transistor. When the voltage across 
the resistor reaches the value required to forward bias the 
emitter base junction of the bipolar transistor, the bipolar 
transistor ‘‘turns on’. A series resistor is incorporated in 
series with the gate of the PowerMOS transistor allowing 
the bipolar transistor ot drive the gate of the PowerMOS 
transistors to a voltage which just maintains a constant 
current in the PowerMOS transistor. Since both the 


PULSE DURATION=250us Vps5~!0V Ves5=5V 


1.0 


NORMALIZED ORAIN CURRENT 


75 100, 
CASE TEMPERATURE (Tc) - C 


-50 -25 0 25 50 


FIGURE 8. NORMALIZED CURRENT LIMIT vs. 
TEMPERATURE 


FIGURE 10. SWITCHING TEST CIRCUIT 


resistance of the resistor in series with the PowerMOS 
transistor source and voltage required to forward bias the 
base emitter junction of the bipolar transistor vary with the 
temperature, the current at which the device limits is a 
function of temperature. This dependence is shown in 
Figure 8. 


The resistor in series with the gate of the PowerMOS 
transistor results in much slower switching than in most 
PowerMOS transistors. This is an advantage where fast 
switching can cause EMI or RFI. The switching speed is 
very predictable, and a minimum as well as maximum fall 
time is given in the device characteristics for this type. 
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RLP1NO6CLE 


Performance Curves (Continued) 
DC Operation of the RLP1NO6CLE 


The limit of the drain-to-source voltage for operation in 
current limiting on a steady state (DC) basis is shown as 
Figure A. The dissipation in the device is simply the applied 
drain-to-source voltage multiplied by the limiting current. 
This device, like most PowerMOSFET devices today, is 
limited to +150°C. The maximum voltage allowable can, 
therefore, be expressed as: 


_ (180°C — TampienT? 
lim * (Rego + Rega) 
Duty Cycle Operation of the RLP1NO6CLE 


Vos 


In many applications either the drain-to-source voltage or 
the gate drive is not available 100% of the time. The copper 
header on which the RLP1NO6CLE is mounted has a very 


HEATSINK THERMAL RESISTANCE - CHSTR) 


oe Tj=175°C 
new 


ITlim=1.35A 
— T,| 


ss 
ay 
EL 


RejA=80°C/W 


25 


APPLIED VOLTAGE (Vds) - V 


SQ 


P— S38 


5 50 75 100 125 150 175 
AMBIENT TEMPERATURE - °C 


FIGURE A. DC OPERATION IN CURRENT LIMITING 


TJ=175°C 
Tlim=1.365A 


Roje=4.17 °C/W 


DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


0 
25 50 75 100 a= 150 175 
AMBIENT TEMPERATURE - C 


FIGURE B2. MAXIMUM Vps vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 5°C/W) 


large thermal storage capability, so for pulse widths of less 
than 100 milliseconds, the temperature of the header can 
be considered a constant case temperature calculated 
simply as: 


To = (Vps X Ip x D X Roca) + TaMBIENT 


Generally the heat storage capability of the silicon chip in a 
power transistor is ignored for duty cycle calculations. Mak- 
ing this assumption, limiting junction temperature to 
+150°C and using the Tc calculated above, the expression 
for maximum Vpg under duty cycle operation is: 


YDS = 7 xDxXR 

LIM 6JC 
These values are plotted as Figures B1 - B5 for various 
heatsink thermal resistances. 


Tj-175% 
Ilim=1.35A 
Rejo=4.17°C/W 


25 50 75 100 125 1502 —s«*C'S 
AMBIENT TEMPERATURE - °C 


FIGURE B1. MAXIMUM Vps vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 29C/W) 


DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


MAX. PULSE WIDTH = 100ms 


Tj-175 C 
Tlim=1.35A 
Rejc=4.17 C/W 


DRAIN-TO-SOURCE YOLTAGE (Vds) - V 


25 50 75 100 és 125 150 175 
AMBIENT TEMPERATURE - C 


FIGURE B3. MAXIMUM Vpgs vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 10°C/W) 
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INTELLIGENT 


DISCRETES 


RLP1NO6CLE 


a MAX. PULSE WIDTH = 100ms 
Tj=175°C 
Il Im=1.95A 
Rejo- C/W 


ORAIN-TO-SOURCE VOLTAGE (Vds) - V 


SS 


——_ 


2 50 75 100 125 150 175 
AMBIENT TEMPERATURE - C 


FIGURE B4. MAXIMUM Vpgs vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 25°9C/W) 


Limited Time Operations of the RLP1NO6CLE 


Protection for a limited period of time is sufficient for many 
applications. As stated above the heat storage in the silicon 
chip can usually be ignored for computations of over 10 
milliseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to a allow easy computation on the 
limiting conditions. The variation in limiting current with 
temperature complicates the calculation of junction 
temperature, but a simple straight line approximation of the 
variation is accurate enough to allow meaningful 
computations. The curves shown as Figures C1-C5 give an 
accurate indication of how long the specified voltage can be 
applied to the device in the current limiting mode without 
exceeding the maximum. specified 175°C junction 
temperature. In practice this tells you how long you have to 
alleviate the condition causing the current limiting to occur. 


HSTR=5 °C/W 


HSTC=2j /°C 


TIME TO 175°C - Sec 


5 10 15 20 25 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


FIGURE C2. TIME TO 175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 5°C/W 
HEATSINK THERMAL CAPACITANCE = 2j/9C) 
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Tj-175 °C 
Ilim=1.35A 
Reja=80 °C/W 


25 50 75 100 é 125 150 175 
AMBIENT TEMPERATURE - C 


FIGURE B5. MAXIMUM Vps vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (NO EXTERNAL 
HEATSINK) 


HSTR=2°C/W = HSTC=4j /°C 


Tonriuvis 
waWal ONTLYBLS 


TIME TO 175°C - SEC 


5 10 15 20 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


FIGURE C1. TIME TO 175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 29C/W 
HEATSINK THERMAL CAPACITANCE = 4j/9C) 


HSTR=10°C/W HSTC=1j/°C 


RejC=4.17 C/W 


NILYBLS 


edWal 9 


TIME TO 175°C - SEC 


0 5 10 15 20 25 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


FIGURE C3. TIME TO 1759C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 10°C/W 
HEATSINK THERMAL CAPACITANCE = 1j/°C) 


RLP1NO6CLE 


HSTR = 25°C/W  HSTC =0.5j°C 
RejC=4.17°C/W 


10 


TIME TO 175°C - SEC 


10 15 20 25 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


FIGURE C4. TIME TO 175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 25°C, 
HEATSINK THERMAL CAPACITANCE = 0.5j/°C) 


TIME TO 175°C - SEC 
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0 5 10 15 20 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


FIGURE C5. TIME TO 1759C IN CURRENT LIMITING 
(NO EXTERNAL HEATSINK) 


INTELLIGENT 


DISCRETES 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


w HARRIS RLP1NO8LE 


Current Limited ESD Protected N-Channel 


January 1994 Enhancement-Mode Power Field-Effect Transistor 
Features Package 
e 1A, 80V TO-220AB 
TOP VIEW 


* TDS(ON) = 9.752 


TE Sh 1, vine e ncbdaed ons xqwececunnnewenaducedss 1.5A Max eee  ———S source 
: peed | fn” OFAIN 
e Built-In Current Limiting | a GATE 


e ESD Protected 
¢ Controlled Switching Limits EMI and RFI 
© Specified for +150°C Operation 


¢ Temperature Compensated Spice Model Provided Terminal Diagram 
Description N-CHANNEL ENHANCEMENT MODE 
The RLPINO8LE is a semi-smart monolithic power circuit which . 
incorporates a lateral bipolar transistor, two resistors, a zener diode, anda 
PowerMOS transistor. Good control of the current-limiting levels allows 
use of these devices where a shorted load condition may be encountered. G 
“Logic level” gates allow this device to be fully biased on with only 5 volts 
from gate to source. The zener diode provides ESD protection up to 2kV. 
These devices can be produced on the standard PowerMOS production 
line. 
The RLP-series types are supplied in the JEDEC TO-220AB plastic 
packages. 
S 

Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 

RLP1NO8LE UNITS 
Dian SOUS VOSGES a icecandccscns ans odnsces see ne nes base new MwOKaeNs Voss 80 V 
Draiele VOURIG 2545 c4cicgeteoserios sansa snvesdss bes ngunaeder see games VDGR 80 V 
SRI SOUNICS VOTOGE TN) sits ne estde ce dine Cor senwecnaeedinscrekseashauneedas Ves 5.5 V 

Reverse Voltage Gate Bias Not Allowed 

Electrostatic Voltage at 1OOpF, 15002 ..... ee ccc cc cece eee eeee ESD 2 kV 
Drain Current, CGntinuous .i« cccnc cess cae ne neeneeeeank eee eseKws conneneees Ip Self Limited 
Power Dissipation Total @ TG = +259 2.0. sccsssssnenes sanweeias 084 denen Pp 30 Ww 
Power Dissipation Derating To > +25°C 2.0... cece cece cence een eee eeeeees 0.24 W/°C 
Operating and Storage Junction Temperature Range............. eee eee Tj, TSTG -55 to +150 oC 


(1) May be exceeded if current is limited to 10mA. 


File Number 2252.2 


Copyright © Harris Corporation 1994 
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Specifications RLP1NO8LE 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC 


Drain-Source Breakdown Voltage BVoss | — | V 
Gate Threshold Voltage Ves(th) Ves = Vos, lp = 0.25 mA t | 2 | 
Vos = 65 V = 
Zero-Gate Voltage Drain Current Ipss = 0 bi _ ss 
Te = 150°C | — | 50 | uA 
Gate-Source Leakage Current lass Ves = 5 V, Tc = 150°C | — | 50 
On Resistance 'os(On) ee Ee “os al | = | 0.75 Q 
To = 150°C p | 18 
Limiting Current los(Lim) ‘ee = be bie nl A 
To = 150°C 


Turn-On Time t(on) 


Turn-On Delay Time ta(On) 


Turn-Off Delay Time ta(off) 


Voo= 30 V,lIb=1A 
Ves = 5 V, Res = 252 
R1=309 


Turn-Off Time t(off) | — | 12.5 | 
Plateau Voltage V (plateau) ln=1A, Vos = 15 V | — | 5 | Vi | 
Thermal Resistance, Junction-to-Case Réuc | — | 4417 | conw 


Thermal Resistance, Junction-to-Ambient_ Raw | | C8 
Human Model (100 pF,1.5kQ) | 2000 | — | V | 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC TEST CONDITIONS ets 


Diode Forward Voltage Ves 
Reverse Recovery Time ts 


DRAIN CURRENTIIqd)-A 


POWER DISSIPATION MULTIPLIER 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V CASE TEMPERATURE (TC)-degC 
SOAGLPINOBCF 4 


Fig. 1 - Safe-operating-area curve. Fig. 2 - Normalized power dissipation vs. temperature 
derating curve. 
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INTELLIGENT 
DISCRETES 


RLP1NO8LE 


Vgs=Vds id=250uA 


NORMALIZED GATE THRESHOLD VOLTAGE 
Ngstth] 


JUNCTION TEMPERATURE (Tj)-degC 
GTHTAQTS6CF 4 


Fig. 3 - Typical normalized gate-threshold voltage. 


ON-STATE DRAIN CURRENT [id(on)} - A 


GATE-TO-SOURCE VOLTAGE (Vgs)-V 
VGSTAS7S56CF 4 


Fig. 5 - Typical transfer characteristics. 


NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdss)-V 


JUNCTION TEMPERATURE (Tj)-degC 


BVDSSTA9756CF4 


Fig. 7 - Drain-source breakdown voltage vs. temperature. 
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NORMAUZED Rds(on) 


DRAIN CURRENT (d}-AMPS 


NORMAUZED DRAIN CURRENT 


Vgs=5V Id=1A 


JUNCTION TEMPERATURE (Tj)-degC 
ROSTAS7S6CF4 


Fig. 4 - Normalized ros(on) vs. junction temperature. 


PULSE DURATION=80us Tc=25degC 


DRAIIN-TO-SOURCE VOLTAGE (Vds)-V 


SATTAS756CF 4 


Fig. 6 - Typical saturation characteristics. 


Pulse Duration=80us Vds=10v Vgs=5v 


CASE TEMPERATURE (Tc)-degC 
IOTAS756CF4 


Fig. 8 - Normalized current limit vs. temperature. 


RLP1INO8LE 


CRSS CISS COSS 


pf 


CAPACITANCE (C)- 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V 


Fig. 9 - Typical capacitance vs. voltage. 


VoD 


Vos 


Fig. 10 - Switching test circuit. 


Temperature Dependence of Current Limiting and Switching Speed 


TheRLP1NO8LE is a monolithic power device which incor- 
porates a Logic Level PowerMOS transistor with a resistor 
in series with the source. The base and emitter of a lateral 
bipolar transistor is connected across this resistor, and the 
collector of the bipolar transistor is connected to the gate 
of the PowerMOS transistor. When the voltage across the 
resistor reaches the value required to forward bias the 
emitter base junction of the bipolar transistor, the bipolar 
transistor “turns on’. A series resistor is incorporated in 
series with the gate of the PowerMOS transistor allowing 
the bipolar transistor to drive the gate of the PowerMOS 
transistor to a voltage which just maintains a constant 
current in the PowerMOS transistor. Since both the 
resistance of the resistor in series with the PowerMOS 
transistor source and the voltage required to forward bias 
the base emitter junction of the bipolar transistor vary 
with the temperature, the current at which the device lim- 
its is a function of temperature. This dependence is shown 
in Figure 8. 


= 


=— 


APPUED VOLTAGE (Wds)-V 


The resistor in series with the gate of the PowerMOS 
transistor results in much slower switching than in most 
PowerMOS transistors. This is an advantage where fast 


switching can cause EMI or RFI. The switching speed is - 


very predictable, and a minimum as well as maximum fall 
time is given in the device characteristics for this type. 


DC Operation of the RLP1NO8LE 


The limit on drain-to-source voltage for operation in cur- 
rent limiting on a steady state (dc) basis is shown as Fig- 
ure A. The dissipation in the device is simply the applied 
drain-to-source voltage multiplied by the limiting current. 
This device, like most PowerMOS devices today, is limited 
to 150°C. The maximum voltage allowable can, therefore, 
be expressed as: 


(150°C — Ta MBiENT) 


Wig 6S eeepc 
DS tim ® (Rego + Reca) 


HEATSINK THERMAL RESISTANCE HSTR ) 


Ty = 180°C 
luim= 154 
Reyc = 4.17°C/w 


Fig. A - DC operation in current limiting. 
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INTELLIGENT 
DISCRETES 


Specifications RLP1NO8LE 


Duty Cycle Operation of the RLP1NO8LE 


In many applications either the drain-to-source voltage or 
the gate drive is not available 100% of the time. The 
copper header on which theRLP1NO8LEis mounted has a 
very large thermal storage capability, so for pulse widths 
of less than 100 milliseconds, the temperature of the 

header can be considered a constant case temperature 
calculated simply as: 


To = (Vpg X Ip x D X Rca) + TamBieNT 


Generally the heat storage capability of the silicon chip ina 
power transistor is ignored for duty cycle calculations. Mak- 
ing this assumption, limiting junction temperature to 150°C 
and using the Tc calculated above, the expression for max- 
imum Vps under duty cycle operation is: 


Vos = 7 —xDxXR 
LIM QJC 


These values are plotted as Figures B1 - B5 for various heat 
sink thermal resistances. 


Ty = 150°C, Lim = 1.5 A, Royc = 4.17°C/W MAX. PULSE WIDTH=100Meec 


poON NT 
pT See PR 
po REN 


DRAIN-TO-SOURCE VOLTAGE 
5 


AMBIENT TEMPERATURE-degC 


HSSGLPINOBLCF 4 


Fig. B2- Maximum Vos vs. ambient temperature in current limiting. 
(Heatsink thermal resistance = 5°C/W) 


DRAIN-TO-SOURCE VOLTAGE 


AMBIENT TEMPERATURE-degC 


Fig. 
(Heatsink thermal resistance = 25° C/W) 
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B4 - Maximum Vos vs. ambient temperature in current limiting. 


DRAIN-TO-SOURCE VOLTAGE 


Fig. 


DRAIN-TO-SOURCE VOLTAGE 


Fig. 


DRAIN-TO-SOURCE VOLTAGE 


Fig. 


AMBIENT TEMPERATURE -degC 


HS2GLPINOBLCF4 


B1 - Maximum Vos vs. ambient temperature in current limiting. 
(Heatsink thermal resistance = 2°C/W) 


0 Ty = 150°C, ILim = 1.5 A, Rogc = 4.17°C/W 


AMBIENT TEMPERATURE-degC 


B3 - Maximum Vos vs. ambient temperature in current limiting. 
(Heatsink thermal resistance = 10° C/W) 


Ty = 150°C, inj = 1.5.4, Raye = 80°C/W 
0 


AMBIENT TEMPERATURE-degC HSGLPINOBLCK4 


B5 - Maximum Vos vs. ambient temperature in current limiting. 
(No external heatsink) 
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Limited Time Operations of the RLP1NO8LE 


Protection for a limited period of time is sufficient for many 
applications. As stated above the heat storage in the silicon 
chip can usually be ignored for computations of over 10 mil- 
liseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to allow easy computation on the lim- 
iting conditions. The variation in limiting current with 
temperature complicates the calculation of junction tempera- 
ture, but a simple straight line approximation of the varia- 
tion is accurate enough to allow meaningful computations. 
The curves shown as Figures C1 - C5 give an accurate indi- 
cation of how long the specified voltage can be applied to 
the device in the current limiting mode without exceeding 
the maximum specified 150°C junction temperature. In 
practice this tells you how long you have to alleviate the 
condition causing the current limiting to occur. 
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DRAIN-TO-SOURCE VOLTAGE (Vds}-V wanaasicrs 
Fig. C2 - Time to 150°C in current limiting. 
(Heatsink thermal resistance = 5° C/W 
Heatsink thermal capacitance = 2 j/° C) 
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Figure C4. Time to 150°C in current limiting 
(Heatsink thermal resistance = 25°C/W, 
Heatsink thermal capacitance = 0.5j°C) 
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TIME TO 150degC-SEC 


TIME TO 150degC-SEC 


TIME TO 150degC-SEC 


Rejc = 4.17° C/W 


i ‘ 
0 5 10 15 20 


DRAIN-TO-SOURCE VOLTAGE (Vds)-V TRGLPINOBLCF4 


Fig. C1 - Time to 150°C in current limiting. 


(Heatsink thermal resistance = 2°C/W 
Heatsink thermal capacitance = 4 j/° C) 


Reyc = 4.17°C/W 


DRAIN-TO-SOURCE VOLTAGE Wds)-V 


Fig. C3 - Time to 150°C in current limiting. 
(Heatsink thermal resistance = 10° C/W 
Heatsink thermal capacitance = 1 j/° C) 


DRAIN-TO-SOURCE VOLTAGE (Vds}-V 


Fig. C5 - Time to 150°C in current limiting. 
(No external heatsink) 


INTELLIGENT 
DISCRETES 


RLP1NO8LE 


Spice Model (RLP1NO8LE) 


.SUBCKT RLP1INO8LE 2 1 3; rev 09/16/91 

*Nominal Temperature = 25°C 

.MODEL MOSMOD NMOS (VTO=1.7 KP=2.1 !S=1e-30 N=10 TOS=1 L=1u W=1u) 
Vto 21 6 0.33 

Rsource 8 7 RDSMOD 0.28 

Rdrain 5 16 RDSMOD 0.2 

.MODEL RDSMOD RES (TC1=7.54E-3 TC2=2.23E-5) 

-MODEL RVTOMOD RES (TC1=-2.23E3 TC2=-5.29E-7) 

.MODEL RVTOMOD2 RES (TC1=0 TC2=0) 

Ebreak11 7 17 18 107.3 

.MODEL RBKMOD RES (TC1=1.11E-3 TC2=-6.83E-7) 

.MODEL DBKMOD D (RS=2.78 TRS1=-8.88E-3 TRS2=2.55E-5) 

-MODEL DBDMOD D (IS=9.91E-15 RS=3.01E-1 TRS1=3.79E-3 TRS2=1.11E-6 +CJO=4.32E-10 TT=2E-7 
Cin 6 8 3.75E-10 

Ca 12 8 6.5E-10 

.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3 VOFF=-1) 
.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-1 VOFF=-3) 
-MODEL DPLCAPMOD D (CJO=2E-10 IS=1e-30 N=10) 

Cb 12 14 6.5E-10 

-.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-1.65 VOFF=3.35) 
MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=3.35 VOFF=-1.65) 
Rgate 9 20 4.48E3 

Lgate 1 9 9.5E-10 

Ldrain 2 5 2.5E-9 

Lsource 3 7 2.5E-9 

Dbody 7 5 DBDMOD 

Dbreak 5 11 DBKMOD 

Dpicap 10 5 DPLCAPMOD 

Eds 14 8 5 8 1 

Egs 13 8 6 8 1 

Esg 6 10 6 8 1 

Evto 20 6 18 8 1 

It 8 17 1 

MOS1 16 6 8 8 MOSMOD M=0.99 

MOS2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rin 6 8 1e9 

Rvto 18 19 RVTOMOD 1 

Sia 6 12 13 8 S1AMOD 

Sib 13 12 13 8 S1BMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

*Current Limiting Control Section 

-MODEL RSMOD RES (TC1=3.2E-3) 

QControl20 8 7 QMOD 10 

.MODEL QMOD NPN (BF=5 VJE=0.5) 

*ESD Protection 

DESD 7 9 DESMOD 

.MODEL DESMOD D(BV=7.185 TBV1=3.5E-4 TBV2=2.2E-6) 

-ENDS 
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i HARRIS 


RLPSNO8LE 


Current Limited ESD Protected N-Channel 


May 1992 Enhancement-Mode Power Field-Effect Transistor 
Features Package 
e 5.5A, 80V TO-220AB 
TOP VIEW 
aa) 0)>)(0) \) Seen ener 0.1220 
WA eA win bcicciradanatakanencanwesucmecceios 5.5A to 8.5A at +1500C <= 
Limit Oo a es eeipcsererenee SOURCE 
e Built In Current Limiting = GATE 


© Bor PIOUGCIO? ccavsecceuscuenssowevcasd a cnassewes see anies 2KV Min 
¢ Controlled Switching Limits EMI and RFI 

© Specified For +150°C Operation 

e +175°C Rated Junction Temperature 


e Logic Level Gate 


Terminal Diagram 


Description N-CHANNEL ENHANCEMENT MODE 


The RLP5NO8LE is an “Intelligent Discrete” monolithic power circuit which D 
incorporates a small signal bipolar transistor, two resistors, a zener diode, 
and a PowerMOS transistor. Low RpS(ON) is achieved by the use of 
separate current sensing cells. Good control of the current limiting levels 
allows these devices to be used where it is anticipated that a shorted load 
condition may be encountered. “Logic Level” gates allow this device to be 


fully biased on with only 5.0V from gate to source. The zener diode 2 

provides Esp protection of 2KV minimum. 
aT 
uj Ww 
9 i 
wall 

Ss — 5 

Wo 
zOQ 

Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 

RLPSNO8LE UNITS 

DVRS OINCS VONGGG cs cccns otc cuceras ean eee wee nteneadocneeavecerenses Voss 80 V 

DIRS VOUGOS sien Qeastees neeceerbarsdadiokasegneeubeds eER OORGoes VDGR 80 V 

SGI =SGUICO VOUAGS o 8 dec cinncticrnccenssasanddeeeseceweestonawes duds VGs 5.5 V 

Reverse Voltage Gate Bias Not Allowed 

Electrostatic Voltage at TO0DF, 150002 ..uccncsccsasscae resem cnn eiews enens ESD 2 kV 

Drain Current, COMMAUOUS 6 iscccccesunes neweenesennnase cman Seewna ee aed os ek Ip Self Limited 

Power Dissipation Total @ Te 425°C cc scscicicdsensa veaveces ves eesesowss Pp 72 W 

Power Dissipation Derating Te > 425°C ...ccsecsccndes ase esnsedeeneennans eae 0.48 W/°C 

Operating and Storage Junction Temperature Range...........eseeeeees Tj. TsTG -55 to +175 oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 2493.1 


Copyright © Harris Corporation 1992 
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Specifications RLP5NO8LE 


Electrical Characteristics At Case Temperature (TC = +25°9C), Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | min | MAX. | UNITS 


Drain Sourcebreakiownvonage | evose [ipnantma vessev | wo | - | v_ 
[GeteTweshowsvotage ———~Yvesmuy[Ves=vos o=oasma| 1 | 2 |v _ 
Zero Gate Voltage Drain Current Ipss Vps=65V Vgg=ov, iT | tk 
Eee 
fattoniecesSSS~—~—C( SiC 
ialiiesiaimaia Roson,  [In=86A__Vgs=sov_— | - | on2 | 
atio=risee—SSC*;C Side | 


Limiting Current IDS(Limit) Vps = 15.0V Vas = 5.0V 
@ Tc = 150°C 


Turn-Off Time 


Plateau Voltage V(PLATEAU) Ip = 7.5A Vps = 15.0V 


Thermal Resistance 
Junction to Case 


Thermal Resistance 
Junction to Ambient 


Electrostatic Voltage Esp 


—_ 
oO 


= 
oO 


Tso [|v 


2.083 °C/W 


Isp = 5.5A 
IF =5.5A 


Performance Curves 


100.0 
ee SeaaeSae Geese Mente 
een een) ied Reel (el Oe Te ee | TT — 
Operation in this area 1 Sane! (neon! Gaeta +} — = 
c ls Ilmlted by Rdson | — 
| Reet ett = | LL <b ~ 
nw 2 " — XN > 
G!0.0 = ne sa | Li 
- operation in this -_ . 
= area Is IImited by S) 4 
Ww current |imiting : eS 
oe ee) aes 
ac @ | 
ra = ey ee 
z= 1.0 
« 
a 
Q 


10 . ‘ 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V SORBNDSL Inductance - mh 


FIGURE 1. SAFE OPERATING AREA CURVE FIGURE 2. UNCLAMPED INDUCTIVE SWITCHING SOA 
(SINGLE PULSE UIS SOA) 
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RLP5NO8LE 


Performance Curves (Continued) 


0.8 
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SERED 
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Z 
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POWER DISSIPATION MULTIPLIER 


30 


60 90 120 1 
CASE TEMPERATURE (TC)-degC 


FIGURE 3. NORMALIZED POWER DISSIPATION vs. 
TEMPERATURE DERATING CURVE 


NORMALIZED Rds(on) 


“60-6 oO 2 56 7% 100 1% 18 1% 
JUNCTION TEMPERATURE (Tj) - degC 


FIGURE 5. NORMALIZED Rps(ON) VS: 
JUNCTION TEMPERATURE 


PULSE DURATION = 260uS 
DUTY CYCLY < 12 
To = 25degC 


A 
o 8 


DRAIN-SOURCE CURRENT (Ids) - 


1 2 3 4 
DRAIN-TO-SQURCE VOLTAGE (Vds) - V 
FIGURE 7. TYPICAL SATURATION CHARACTERISTICS 


Temperature Dependence of Current Limiting and 
Switching Speed Performance 

The RLP5NO8LE is a monolithic power device which 
incorporates a Logic Level PowerMOS transistor with a 
current sensing scheme and control circuitry to enable the 
device to self limit drain-source current flow. The current 


9 29 > 


S 


NOR. GATE THRESHOLD VOLTAGE [(Vgs¢th)] 


0 25 50 7 oO (| 
JUNCTION TEMPERATURE (Tj) - degC 
FIGURE 4. TYPICAL NORMALIZED GATE THRESHOLD 
VOLTAGE 


DRAIN-SOURCE CURRENT (Ids) 


1 c 3 4 
GATE-TO-SOURCE VOLTAGE (Vgs) - V 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


Id=250uA 

PULSE TEST 

PULSE DURATION=250uS 
DUTY CYCLE <2z 


NOR. BREAKDOWN VOLTAGE (BYdss) 


“50 -2 O 2 50 7 100 1% 150 17 
JUNCTION TEMPERATURE (Tj) -degC 


FIGURE 8. DRAIN SOURCE BREAKDOWN VOLTAGE vs. 
TEMPERATURE 


sensing scheme supplies current to a resistor that is 
connected across the base to emitter of a bipolar transistor 
in the control section. The collector of this bipolar transistor 
is connected to the gate of the PowerMOSFET. When the 
ratiometric current from the current sensing reaches the 
value required to forward bias the base-emitter 
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INTELLIGENT 
DISCRETES 


RLP5NO8LE 


Performance Curves (Continued) 


NORMALIZED DRAIN CURRENT (Id) 


-20 0 2 50 ts) 100 125 150 17 
JUNCTION TEMPERATURE (Tj) - degC 


FIGURE 9. NORMALIZED CURRENT LIMIT vs. 
TEMPERATURE 


Vds 


APPLIED VOLTAGE (Vds) - V 


FIGURE 11. SWITCHING TEST CIRCUIT 


junction of this bipolar transistor, the bipolar “turns-on”. A 
resistor is incorporated in series with the gate of the 
PowerMOSFET allowing the bipolar transistor to adjust the 
drive on the gate of the PowerMOSFET to a voltage which 
then maintains a constant current in the PowerMOSFET. 
Since both the ratiometric current sensing scheme and the 
base-emitter junction voltage of the bipolar transistor vary 
with temperature, the current at which the device limits is a 
function of temperature. This dependence is shown in 
Figure 9. 


The resistor in series with the gate of the PowerMOSFET 
also results in much slower switching performance than in 
standard PowerMOSFETs. This is an advantage where fast 
switching can cause EMI or RFI. Switching speed is very 
predictable; a minimum as well as a maximum fall time is 
given in the device characteristics for this type. 


DC Operation of the RLPS5NO8LE 


The limit of drain-to-source voltage for operation in 
current limiting on a steady state (DC) basis is shown in 
equation below. The dissipation in the device is simply the 
applied drain-to-source voltage multiplied by the limiting 
current. This device, like most PowerMOSFET devices, 


CAPACITANCE (C) -pf 


s 8 8 8 8 8 8 


5 10 5 
DRAIN-TO-SOURCE VOLTAGE (Vds) - V 


FIGURE 10. TYPICAL CAPACITANCE vs. VOLTAGE 


25 50 75 
AMBIENT TEMPERATURE - 
FIGURE A. DC OPERATION IN CURRENT LIMITING 


100 - 


is limited to +1759C. The maximum voltage allowable can, 
therefore, be expressed as: 


+175°C - Tambient 
ILIMIT X (R89 + HSTR) 


The results of this equation are plotted in Figure A for vari- 
ous heatsinks. 


Duty Cycle Operation of the RLP5NO8LE 


In many applications either drain-to-source voltage or gate 
drive is not available 100% of the time. The copper header 
on which the RLPS5NO8LE is mounted has a very large ther- 
mal storage capability, so for pulse widths of less than 1ms 
header temperature can be considered a constant. Thereby, 
junction temperature can be calculated simply as: 


Ty = (Vps x Ips x D x R8J-Amb) + Tambient 


Generally the heat storage capability of the silicon chip in a 
power transistor is ignored for duty cycle calculations. Mak- 
ing this assumption, limiting junction temperature to 
+175°9C and using Tc calculated above, the expression for 
maximum Vps under duty cycle operation is: 


+175°C - Tambient 
ILimIT X D x R8j-ambient 


These values are plotted as Figures B1 - Bé6 for various 
heatsink thermal resistances. 


VDsS= 


VDs= 
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RLP5NO8LE 


Performance Curves (Continued) 


ORAIN-TO-SOURCE - V 


25 50 75 100 125 150 175 
AMBIENT TEMPERATURE - degC 


FIGURE B1. MAXIMUM Vpgs vs. TEMPERATURE IN CURRENT 
LIMITING. 
(HEATSINK THERMAL RESISTANCE = 19C/W) 
(Ty = +1759C, ILimit = 5.5A, Ryc = 2.0839C/W) 


MAX, PULSE WIDTH=|msec 


Ss 


DRAIN-TO-SOURCE - V 


25 50 75 100 125 150 175 
AMBIENT TEMPERATURE - degC 
FIGURE B3. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING. 
(HEATSINK THERMAL RESISTANCE = 5°C/W) 
(Ty = +175°C, ILimit = 5-5A, Ryc = 2.0839C/W) 


ORAIN-TO-SOURCE - V 


o6 50 75 100 125 150 175 
AMBIENT TEMPERATURE - degC 
FIGURE B5. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING. 
(HEATSINK THERMAL RESISTANCE = 259C/W) 
(Ty = +175°C, ILimit = 5.5A, Ryc = 2.0839C/W) 


DRAIN-TO-SOURCE - V 


£0 50 75 100 125 150 175 
AMBIENT TEMPERATURE - degC 


FIGURE B2. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING 
(HEATSINK THERMAL RESISTANCE = 2°C/W) 
(Ty = +175°C, ILimit = 5.5A, Ryc = 2.0839C/W) 


MAX. PULSE WIDTH=!msec 


ORAIN-TO-SOURCE - V 


a 50 75 100 125 150 175 
AMBIENT TEMPERATURE - degC 

FIGURE B4. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 

LIMITING. 

(HEATSINK THERMAL RESISTANCE = 10°C/W) 

(Ty = +1759C, ILimit = 5.5A, Ryc = 2.0839C/wW) 


INTELLIGENT 
DISCRETES 


ORAIN-TO-SOURCE - V 


25 50 75 100 125 150 175 
AMBIENT TEMPERATURE ~- dagC 
FIGURE B6. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING. 
(NO EXTERNAL HEATSINK) 
(Ty = +1759C, ILimit = 5-5A, Ryc = 2.0839C/W) 
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RLP5NO8LE 


Performance Curves (Continued) 


Limited Time Operations of the RLP5NO8LE 


Protection for a limited period of time is sufficient for many 
applications. As previously stated, heat storage in the sili- 
con chip can usually be ignored for computations of over 10 
milliseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to allow easy computation on the 
limiting conditions. The variation in limiting current with 
temperature complicates the calculation of junction temper- 
ature, but a simple straight line approximation of the varia- 
tion is accurate enough to allow meaningful computations. 
The curves shown as Figures C1 - C5 give an accurate 
indication of how long the specified voltage can be applied 
to the device in the current limiting mode without exceeding 
the maximum specified +1759C junction temperature. In 
practice this tells you how long you have to alleviate the 
condition causing the current limiting to occur. 


{yj 64134018 


TIME Ta 175 € = SEC 


DRAIN-SOURCE VOLTAGE (Vds) - V 
FIGURE C1. TIME TO +1759C IN CURRENT LIMITING 


(HEATSINK THERMAL RESISTANCE = 19C/W, 
HEATSINK THERMAL CAPACITANCE = 8J/°C) 


TIME TO 176 C - SEC 


2 3 4 5 a) 7 8 9 10 
DRAIN-SOURCE VOLTAGE (Vds) - V 


FIGURE C2. TIME TO +175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 2°C/W, 
HEATLINK THERMAL CAPACITANCE = 4J/°C) 


TIME TO 175 © = SEC 


8 
DRAIN-SOURCE VOLTAGE C€Vds) - V 


FIGURE C3. TIME TO +175°9C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 5°9C/wW, 
HEATSINK THERMAL CAPACITANCE = 2J/°C) 


TIME TO 175 € = SEC 


WA | | 
TA 


é 3 4 5 8 ry 8 9 10 
DRAIN-SOURCE VOLTAGE (Vds) - V 
FIGURE C4. TIME TO +175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 10°C/W, 
HEATSINK THERMAL CAPACITANCE = 1J/9C) 


TIME TG 175 € = SEC 


ODRAIN-SOURCE VOLTAGE (Vds) - V 


FIGURE C5. TIME TO +175°C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 25°C/W, 
HEATSINK THERMAL CAPACITANCE = 0.5J/°C) 
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MILITARY AND RAD-HARDENED POWER MOSFETs 
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NOTE: Technical information on types listed in this section can be found in the Rad-Hard products databook DB235B or the individual datasheets 


MIL. & RAD-HARD 
POWER MOSFETs 
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Radiation Hardened MOSFET Nomenclature System 


FR X XXXX XK X 


HARRIS RADIATION HARDENED | L RELIABILITY SCREENING LEVEL 
POWER MOSFET 1 - Non-TX (Commerical) 
2 - TX Equivalent of MIL-S-19500 
3 - TXV Equivalent of MIL-S-19500 
PACKAGE DESIGNATION 4 - Space Equivalent of MIL-S-19500 
M - TO-204AA (TO-3 with 40 mil diameter leads) 
K - TO-204AE (TO-3 with 60 mil diameter leads) 
L - TO-205AF (TO-39 with Low Profile Cap) RADIATION (TOTAL DOSE) 
F - TO-254AA ASSURANCE LEVEL 
S - TO-257AA D - 10kKRAD (Si) 
E - TO-258AA R_ - 100kRAD (Si) 
H - 1000kKRAD (Si) 


DIE DESIGNATION 


All Numeric Characters 
N-Channel (Three Digits) - XXX 
P-Channel (Four Digits) - 9XXX 


Features 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specifications at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 


¢ Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVpsg Typically 
- Survives 2E12 Typically if Current Limited to IDM 


¢ Photo Current - 3.0nA Per-RAD(Si)/sec Typically 


¢ Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 


¢ Single Event - Typically Survives 1E5 lons/cm? Having an LET < 35MeV/mg/cm? 
and a Range 2 30 m at 80% BVpss 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERATION hardened power MOSFETs of both N 
and P channel enhancement types with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. Total dose 
hardness is offered at 100K RAD(Si) and 1000K RAD(Si) with neutron hardness ranging from 1E13n/cm? for 500V product 
to 1E14n/cm? for 100V product. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current limiting and 2E12 
with current limiting. Heavy ion survival from signal event drain burn-out exists for linear energy transfer (LET) of 35 at 80% 
of rated voltage. 


These MOSFETs are enhancement-mode silicon-gate power field effect transistors of the vertical DMOS (VDMOS) struc- 
ture. They are specially designed and processed to exhibit minimal characteristic changes to total dase (GAMMA) and neu- 
tron (n°) exposures. Design and processing efforts are also directed to enhance survival to heavy ion (SEE) and/or dose rate 
(GAMMA DOT) exposure. 


These parts may be supplied as dies or in various packages other than shown. Reliability screening is available as either non 
TX (commercial), TX equivalent of MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S-19500. Con- 
tact the Harris Semiconductor High-Reliability Marketing group for any desired deviations from the devices listed. 
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POWER MOSFETs 


QPL Approved JANTX/TXV Power MOSFETs 


Hi-Rel and Rad Hard 
PART NUMBER| MIL-S-19500/ 


Py BVpss Rpscon) 
(W) (V) (Q) 
N-CHANNEL TYPES 


x [x] temoun [ee 
542 TO-204AA 75 


~x< 


[roz0aa 


5 


TO-204 
TO-204AA 
TO-205AF 
TO-205AF 
TO-205AF 
TO-205AF 
TO-205AF 
TO-205AF 
TO-205AF 
TO-205AF 
TO-205AF 
TO-205AF 
TO-205AF 
TO-254AA 


2N6770 543 
2N6782 556 
556 
556 
555 


> 
o 


—~! 


a 
oO 


5 


ie) 
on 


2.25 


2N6784 
1.25 


on me) 
[oo ep) 


2N6786 
2N6788 
2N6790 
2N6792 555 
2N6794 555 
2N6796 557 
2N6798 557 
2N6800 557 
2N6802 557 
2N7224 592 


2 


Oo 


20 1 


x] K | OK] KL KT KX] KT KT KT KX] OK] KT KT KT OK] KT xX 


2 


on 


1 

1 
2 
3 


nh 
on 
nN 
on 


8 
0 
4 
2 
2 
25 
4 


3 


100 
100 
= 
= 
100 
2 
= 
100 
100 


2N7225 592 TO-254AA 150 
2N7227 TO-254AA 400 
2N7228 592 TO-254AA a 500 


N-CHANNEL LOGIC LEVEL TYPES 


P-CHANNEL TYPES 
[roman | a 
—rozaa | 100 


2N6901 570 
2N6902 566 
2N6903 70 
2N6904 566 


2N6895 


2N6896 565 
2N6897 
2N6898 565 
2N6849 564 


TO-205AF 


2N6851 5 TO-205AF 


: 
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Tactical and Strategic Level Selections 


Radiation Hardened MOSFETs (N-Channel) 


DIE 
FAMILY 


17631 


17632 


17633 


17635 


17641 


17642 


17643 


17645 


17651 


17652 


17653 


17655 


17661 


17662 


17663 


17665 


TO-39 
INTERIM 


FRL130D 
FRL130R 
FRL130H 


TO- 
INTERIM 


FRM130D 
FRM130R 
FRM130H 


FRM230D 
FRM230R 
FRM230H 


FRM234D 
FRM234R 
FRM234H 


FRM430D 
FRM430R 
FRM430H 


FRM140D 
FRM140R 
FRM140H 


FRM240D 
FRM240R 
FRM240H 


FRM244D 
FRM244R 
FRM244H 


ie) 


FINAL 
2N7271 


FINAL 
2N7272 


2N7274 


FRL230D 
FRL230R 
FRL230H 


2N7275 


2N7277 | FRL234D 
FRL234R 


FRL234H 


FRL430D 
FRL430R 
FRL430H 


2N7278 


2N7280 2N7281 


2N7283 


2N7285 


2N7287 


2N7289 


FRM440D 
FRM440R 
FRM440H 


FRK150D 
FRK150R 
FRK150H 


FRK250D 
FRK250R 
FRK250H 


2N7291 


2N7293 


2N7295 


FRM450D 
FRM450R 
FRM450H 


FRK160D 
FRK160R 
FRK160H 


FRK260D 
FRK260R 
FRK260H 


2N7297 


2N7299 


2N7301 


2N7303 


FRK460D | 2N7305 


FRK460R 
FRK460H 


FRF150D 
FRF150R 
FRF150H 


FRF250D 
FRF250R 
FRF250H 


FRF254D 
FRF254R 
FRF254H 


FRF450D 
FRF450R 
FRF450H 


FINAL 


2N7292 


2N7294 


2N7296 


2N7298 


TO-254 TO-257 TO-258 
INTERIM 


FINAL FINAL 


2N7273 


FRS130D 
FRS130R 
FRS130H 


FRS230D 
FRS230R 
FRS230H 


FRS234D 
FRS234R 
FRS234H 


FRS430D 
FRS430R 
FRS430H 


2N7276 


2N7279 


2N7282 


FRS140D 
FRS140R 
FRS140H 


2N7284 


FRS240D 
FRS240R 
FRS240H 


FRS244D 
FRS244R 
FRS244H 


FRS440D 
FRS440R 
FRS440H 


2N7286 
2N7288 


2N7290 


FRE160D 
FRE160R 
FRE160H 


2N7300 


FRE260D 
FRE260R 
FRE260H 


2N7302 


FRE264D 
FRE264R 
FRE264H 


FRE460D 
FRE460R 
FRE460H 


2N7304 


2N7306 


MIL. & RAD-HARD 
POWER MOSFETs 


Tactical and Strategic Level Selections (continued 


Radiation Hardened MOSFETs (P-Channel) 


ae TO-39 TO-254 TO-257 TO-258 
FAMILY | INTERIM | FINAL | INTERIM | FINAL | INTERIM | FINAL | INTERIM | FINAL | INTERIM | FINAL 


17731 FRM9130D | 2N7307 | FRL9130D | 2N7308 FRS9130D | 2N7309 
FRM9130R FRL9130R FRS9130R 
FRM9130H FRL9130H FRS9130H 

17732 FRM9230D | 2N7310 | FRL9230D | 2N7311 FRS9230D | 2N7312 
FRM9230R FRL9230R FRS9230R 
FRM9230H FRL9230H FRS9230H 

17741 FRM9140D | 2N7316 FRS9140D | 2N7317 
FRM9140R FRS9140R 
FRM9140H FRS9140H 

17742 FRM9240D |} 2N7318 FRS9240D | 2N7319 
FRM9240R FRS9240R 
FRM9240H FRS9240H 

FRF9150D | 2N7323 
FRF9150R 
FRF9150H 


17751 FRK9150D | 2N7322 

FRK9150R 

FRK9150H 

FRM9250D | 2N7324 FRF9250D | 2N7325 
FRF9250R 

FRM9250H FRF9250H 


FRM9250R 
FRK9160D | 2N7328 
FRK9160R 
FRK9160H 

2N7330 


FRE9160D | 2N7329 
FRE9160R 
FRE9160H 


FRE9260D | 2N7331 
FRE9260R 
FRE9260H 


FRK9260D 
FRK9260R 
FRK9260H 
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Pre-Post Radiation Characteristics 


PACKAGE 


N-Channel 
PRE-RADIATION POST 10K RAD OR POST 
RATINGS 100K RAD (Si) RATINGS | POST 1M RAD (Si) RATINGS 
BVpss | NUMBER (TO-) (A) (Q) (V) (V) (Q) (V) (V) (Q) (V) 
100 2N7271 204AA 0.180 | 100. | 0.180 2-4 15-48 
2N7272 205AF | 8 | 0.180 0.180 2-4 1.5-4.5 
2-4 
4 


ee [os 
Pea | os 
= 
= 
2-4 


5 

r 
ce 

z 

3 

z 

z 
2N7281 2 
; 
: 


95 
95 
95 
95 
95 0.075 1.5-4.5 


Pane [100 | 0080 | 
=n 


S 


EEE 
[2000500 
200 | 05i6 


S 


0.515 
0.240 


1 5« a5 


= 


1.5-4.5 


076 
o20 


1 
1 
0.120 1.5-4.5 
2 
2 
2 


= 
= 
238 


0.115 
0.070 
0.080 
0.700 
0.700 
0.715 
0.400 


| 200 | 0.100 
| 200 | 0.115 
15-45 
1.5-4.5 
15-45 
1.5-4.5 
15-45 
15-45 
15-45 
1.5-4.5 
15-45 
1.5-4.5 
15-45 


. 
Pa 
Pa 
Pa 


0.170 2 


i) i=) 
> ie) 
= on 
on oa 


= 
20 | 0s00 
EI 
0.120 50 
0.130 50 
2.500 500 
2.500 
2.520 


[2500120 
20 [0190 
[soo 2500 


2 
250_| 0.185 | 
2 
2 


| 
15-45 
15-45 


1.420 
0.600 
0.615 
0.400 
0.410 


| 500 
P00 
sco [00 
007 a 
| 500. | 15-45 
| 500. | 15-45 
| 500 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


90 
-4 90 
-4 
-4 
-4 
-4 38 
38 
38 
-4 
-4 
= & 38 
-4 38 
-4 38 
wif 38 
-4 75 
| 75 
| Y 
| 75 
-4 9 
75 
-4 15 
«4 73 
-4 75 


2 
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MIL. & RAD-HARD 
POWER MOSFETs 


Pre-Post Radiation Characteristics (continued) 


P-Channel 


POST 10K RAD OR POST 
100K RAD (Si) RATINGS 


PRE RADIATION 


RATINGS POST 1M RAD (Si) RATINGS 


PACKAGE 


RATED| PART OUTLINE ay fey ane | eee | ae | Veacin | B¥oss 

BVpss | NUMBER (TO-) (Q) (V) (V) (Q) (V) (V) (Q) (V) 
Tawraos | —aomnr [=| asso [aa | 100 | oso | ea | os | com | nc 
Tavrooe | —asran [6 | oss [2-4 | 100 | oss | 2-4 | os | coe | a6 
Tawar _[ ran [ 1 | oats [aa [100 | oo | ae [os | on | 26 
Tawaee | auae [26 | oves | «| roo | oes | «| oo | owe | 20 
Tawrees | —asuna [m0 [ono | aa | soo | ono | ae | oe | oa | oo 
Tareas [ssena [te | oars [ae | am | oats [ea | wo | oa | 6 
Tawraoo [ene [26 | oa [a | 200 | azo | 2-4 | 1oo | 0x00 
[awraor | aseaa J 9 | 0210 | ae | om | ono | ew | wo | oo 
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PREVIEW PRODUCTS 


PAGE 
PREVIEW PRODUCTS 
RFD3SNO8L, N-Channel Logic Level Power MOS Field-Effect Transistors ...................45. 9-3 
RFD3NO8LSM 
RFD4NO6L, N-Channel Logic Level Power MOS Field-Effect Transistors .................0005. 9-5 
RFD4NO6LSM 
RFP15NO8L N-Channel Logic Level Power MOS Field-Effect Transistors ..................005. 9-7 


PREVIEW 
PRODUCTS 


i HARRIS RFD3NO8L 
RFD3NO8LSM 


N-Channel Logic Level 


August 1991 Power Field Effect Transistors 
Features Packages 
e 3A, 80V TO-251AA 
TOP VIEW 
° RpS(on) = 0.802 
¢ Design Optimized for 5 Volt Gate Dri cinch 
esign Optimized for olt Gate Drive DRAIN_, SPRAn 
e Can be Driven Directly From Q-MOS, N-MOS, or TTL CATE 
Circuits 


e SOA is Power-Dissipation Limited 


e 175°C Rated Junction Temperature TO-252AA 
TOP VIEW 
e Logic Level Gate 
SOURCE 
¢ High Input Impedance DRAIN 
TAR" DRAIN 
GATE 
Description 
The RFDSNO8L is an n-channel enhancement mode silicon 
gate power field effect transistor specifically designed for use 
with logic level (5 volt) driving sources in applications such as Terminal Diagram 
programmable controllers, automotive switching, and solonoid 
drivers. This performance is accomplished through a special N-CHANNEL ENHANCEMENT MODE 
gate oxide design which provides full rated conduction at gate 
biases in the 3-5 volt range, thereby facilitating true on-off 
power control from logic circuit supply voltages. 
The RFD3NO8L is supplied in the JEDEC TO-251 plastic 
package and the RFD3NO8LSM is supplied in the JEDEC TO- G 
252 plastic package. 
Ss 

Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
Drain=Souree Vonage, VGC oss since casas cen nes aes ee 5860s Od ORE ERRMSG CTERO REESE CERRO OS SRE POR OS OR ORK REE Rw 80V 
Dmireate Vonage. (Hee = Tall), VipGe csncsacacg ede nnd shad aeap ee cnn hh 4@t ON KER E o05h65b' aN eRT KEES Eden ere Seep dee wiews 80V 
ee aOUIGE VONGUE, VIER oncence dean teadie ned ne rawhed di tnn taued fond ane Os enekuenen eens ar 45eeeeneursceedans end aesewens +10V 
Drain Current: 

RMS Continuous, bp .0scceon onsesen ces ord avs ROakw ene N Ree 0804S O HOR RENNER SETAE ONE ON ee Ee eR REET ER ROK Rane oe 3A 

gM ee ee eT eer Terre rere rer Tee Tr ert rer err Te Ter TTT TTT eT ee T rT eT Te Te Cree TT eT Te Tee eT ere cee TA 
Power Dissipation, Pp: 

WEI oe sasaicaeetnedotapinsaucbeparbansnaentn ants eencercen tine Dhadetestackoesonngnhsteecsiastetnidenssnaenans 30W 

Demis Above TG = F289 sansccvnes ccna sen ae eee oes cate Henke red NaS ESOS EEN Od OEE DENRA ONE DONE ERAK ORO TONS 0.20W/°C 
Operating and Storage Junction Temperature Range, 1), TSTG <csson csc ous cons caee bodes 20509505 100K HS aeornsecbes -55 to +175°9C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. 


File Number 2836 
Copyright © Harris Corporation 1991 


9-3 


PREVIEW 
PRODUCTS 


Specifications RFD3NO8L, RFD3NO8LSM 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


CHARACTERISTICS SYMBOLS TEST CONDITIONS 


Drain-Source Breakdown Voltage BVpss Ip = 1mA, Ves = OV 
VGSith Vas =Vps; Ip = 250pA 
Ipss Vps = 70V 
Vps = 70V @ TG = 125°C 


| Qs) | Vas=0t05v__ 
ee 
CeiteuVotege Vee | be savogetey as 
Turn-On Delay Time | tpion) «|: Vp = 40V, Ip = 1A | - | 20 | ns | 
Tao 


| = | 160 | ns 


Source-Drain Diode Ratings and Characteristics 


LIMITS 
CHARACTERISTICS SYMBOLS TEST CONDITIONS | MIN | MAX. | UNITS 


D 
VDS(on) Ip = 1.5A, Vas = 5V 


loss VGs = + 10V, Vps = OV 


Reverse Recovery Time If = 2A, dif/dt = 100A/us | = — |150(typ.)} ons | 
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ia HARRIS 


August 1991 


Features 

© 4A, 60V 

¢ RpS(on) = 0.602 

© Design Optimized for 5 Voit Gate Drive 


e Can be Driven Directly From Q-MOS, N-MOS, or TTL 
Circuits 


e SOA is Power-Dissipation Limited 
e 175°C Rated Junction Temperature 
e Logic Level Gate 


¢ High Input Impedance 


Description 


The RFD4NO6L is an n-channel enhancement mode silicon 
gate power field effect transistor specifically designed for use 
with logic level (5 volt) driving sources in applications such as 
programmable controllers, automotive switching, and solonoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conduction at gate 
biases in the 3-5 volt range, thereby facilitating true on-off 
power control from logic circuit supply voltages. 


The RFD4NO6L is supplied in the JEDEC TO-251 plastic 
package and the RFD4NO6LSM is supplied in the JEDEC TO- 
252 plastic package. 


Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


Didin-Source Voltage, VHSGsccccscciswccssensecteeressisenssewwases 
Drain Gale VotadG, VORS ness desde acy ree ccond ens danke row nesesenses 
Gate—Source Vollage, VES sv scisscriscncdsed ve sen nnede dues wares axes 


Drain Current: 


Fite CONVNUGUG WS ick isn ciaceens se beseuscebes baenerdge ned anaes 
Pulsed, WO iicc cen nes ceaseceace sau oa Semmes edna nes Ces ROR RwE BORO 


Power Dissipation, Pp: 


TES FOSS ccs ccenesecenesenss SeKe eRe ERS Ee DRT T Os eK e des Be ewe 
DeVale ADGVE TO 425° sis cc tea secceavesesna ans evans esa wnsxes 
Operating and Storage Junction Temperature Range, Ty, TSTG .-----+-- 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. 
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RFD4NO6L 
RFD4NO6LSM 


N-Channel Logic Level 
Power Field Effect Transistors 


Packages 
TO-251AA 
TOP VIEW 
~~ Sr} SOURCE 
oA J. DRAIN 
na canceaemmamemaenl CARL ke 
TO-252AA 
TOP VIEW 
SOURCE 
ota DRAIN 
GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
D 


PREVIEW 
PRODUCTS 


WET TTTI TE CTI Te Le tT eel Ce 0.20W/9C 


2837 


File Number 


Specifications RFD4NO6L, RFD4NO6LSM 


Electrical Characteristics (Tc = +25°C), Unless Otherwise Specified 


LIMITS 


CHARACTERISTICS SYMBOLS TEST CONDITIONS | MIN | 
Ip = 1mA, Ves = OV 


pszsv SCidC 
Tps=sovete=tesee id 
Tves=2t0vvpssev |= —id 
To=tavessev dT 
ip=2aves=ev Od 
ip=aaves=7v SiC 
PC ee 
pad 
a 
a 
ae 
a 
rn 
a 
a 
2 


Ip = 4A, Vps = 15V 
Vop = 30V, Ip = 1A 
Rg = 6.25V, Ves = 5V 


1 
00 

n 
n 
3 

130 

Fall Time 160 


Thermal Resistance, Junction to Case 


MAX. | 
p14 | ov | 
150(typ.)| ons 


CHARACTERISTICS TEST CONDITIONS 


Forward Voltage Isp =1A | =| 
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RFP15NO8L 


N-Channel Logic Level 


August 1991 Power Field-Effect Transistor 
Features Package 
© 15A, 80V TO-220AB 
TOP VIEW 
¢ RDS(ON): 0.142 
© Design Optimized for 5 Volt Gate Drive DRAIN — 
g | | (FLANGE) — ===> SOURCE 
¢ Can be Driven Directly from Q-MOS, N-MOS, TTL Circuits | > DRAIN 
¢ SOA is Power-Dissipation Limited 
¢ +175°C Rated Junction Temperature 
e Logic Level Gate 
¢ High Input Impedance Terminal Diagram 
Description N-CHANNEL aaa MODE 
The RFP15NO8L is an n-channel enhancement mode silicon gate power 
field effect transistor specifically designed for use with logic level (5 volt) 
driving sources in applications such as programmable controllers, 
automotive switching, and solonoid drivers. This performance is 
accomplished through a special gate oxide design which provides full G 
rated conduction at gate biases in the 3-5 volt range, thereby facilitating 
true on-off power control from logic circuit supply voltages. 
S 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 
RFP15NO8L UNITS 
Drain-SOuree VONEGE «oss cnc vsceens een seeeea ec onenedes seneens es amenes Voss 80 V 
Draln=Gate VONEGS « scccc cca stints ces weseasen cde Rcars canes sere nes bees VDGR 80 V 
SONICS VONARS bose cindceradonsesngey ees snag Pek bas be spaanwanwoss Ves +10 V 
Drain Guirent, AMS GONUMUGUS coock ene kwd o5%eeniwee Ons POOLS ¥bemeee dendeus Ip 15 A ” 
ANE canicatesecenncestncdedeasetaasideateouser sas aiwangeainshanaes IDM 40 A = - 
Power Dissipation Total @ To = 425°C csscsvcsicucdentasversivensseeereaws Pp 72 W ul ay 
Power Dissipation Derating 16 @ 425°C ss csendesscncncn sence oncnwd exemwnwmens 0.48 W/9C i Q 
Operating and Storage Junction Temperature Range.............eeeeeee Tj. TSTG -55 to +175 oC “5 2 
o 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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Copyright © Harris Corporation 1991 : . 28 0 


9-7 


Specifications RFP1T5NO8L 


Electrical Characteristics At Case Temperature (TC = +25°C), Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL 


Drain-Source Breakdown Voltage BVpss Ip =1mA 
Gate Threshold Voltage VGS(TH) Vas=Vps 


Zero Gate Voltage Drain Current 


lass Vas = +10V 
VDS(ON) Ip =7.5A 
Ip = 15A 
Ip = 7.5A 


Threshold Gate Charge 

Plateau Voltage 

Turn-On Delay Time 
fRsetmeSSC~iS 

Fall Time 


Thermal Resistance Junction to Case R65C 


LIMITS 
TEST CONDITIONS | MAX | 


Forward Voltage Isp = 7.5A 
Reverse Recovery Time lp = 4A, dig/dt = 100a/ps 


POWER MOSFETs 10 


SPICE MODELS 


SPICE MODELS PAGE 
AN8610.1 Spicing-Up Spice Il Software For Power MOSFET Modeling................-200ee 10-3 
AN9209 A Spice-2 Subcircuit Representation For Power MOSFETs, 

Using) Empirical MEINOGS sxc s0k cence ee rea cde Gees eK NEN eee ee O Eee AERA SOTO 10-11 
AN9210 A New PSpice Subcircuit For The Power MOSFET Featuring 

Global Tempers OOUONS . 2c cccccen sate eada dese wesca deen shee eR tee anes 10-15 
SP MODEL Flbte o40:6 08 06066440400 00 H6 £9 29.0850 RER OK OSE EKER RE ODER eH REE ORDERED 10-27 
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No. AN8610.1 February 1994 


SPICING-UP SPICE Il SOFTWARE FOR 
POWER MOSFET MODELING 


Author: C.F. Wheatley, Jr., H.R. Ronan, Jr., G.M. Dolny 


The SPICE II simulation software package is familiar to most 
designers working in computer-aided design of integrated 
circuits. Developed by L. W. Nagel in 1973, SPICE II has 
become a widely available, well-understood design tool for 
IC modeling and analysis. But, SPICE Il has a shortcoming: 
its standard simulation programs were developed when all 
MOSFETs were low-power devices. Power MOS devices are 
growing in use today, both as discrete components and, 
potentially, as output stages of power integrated circuits. 
SPICE Il in its current form doesn’t recognize these new 
developments. Its built-in FET models aren’t able to simulate 
all the modes of new power MOS device operation. For 
example, SPICE Il doesn’t recognize the way a power 
MOSFET’s_ internal capacitances change with bias 
conditions, the presence of a cascode JFET that compli- 
cates both static and dynamic operation, or the presence of 
a parasitic body diode that affects operation in the third 
quadrant. Without this information, SPICE II will predict 
power MOSFET performance that is incorrect. 


Since SPICE Il’s internal device models can’t be easily 
changed for all existing copies, we looked for another 
approach to update the capabilities of this widely used simu- 
lation package in its standard form. Adding a “subcircuit” of 
external components that complement the devices within the 
SPICE II software, so as to form a true, equivalent circuit of a 
power MOSFET, is the answer. 


The subcircuit works nicely with the standard SPICE Il 
software, providing a model with all the terminal characteris- 
tics of a power MOSFET. Parameters of the subcircuit model 
can be determined from simple terminal measurements or 
from standard data sheets, using the algorithmic and empiri- 
cal approach described below. Once these parameters are 
in place, SPICE Il can be used to accurately simulate either 
p-channel or n-channel power MOSFET devices over a wide 
range of currents and voltages. The subcircuit functions as 
an embedded subroutine, so it can be used repetitively for 
any number of power MOSFETs in a design. This technique 
can be used to model power MOSFETs with any version of 
the SPICE II program presently available, without any modifi- 
cations to its internal source code. The technique can also 
be used with other commercially available or in-house-devel- 
oped circuit simulators. 


Modeling The Power MOSFET 


A cross-sectional view of a cell of a Harris IRF130 power 
MOSFET is shown in Figure 1. The easiest way to under- 
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stand its electrical characteristics is to think of it as a vertical 
JFET, driven in cascode from a low-voltage lateral MOS- 
FET.’ 2 When the gate is positively biased with respect to 
the n-bulk, an accumulation layer forms in the n-region 
beneath the gate. This layer acts as the drain of the lateral 
MOSFET, as well as the source of the vertical JFET. The 
JFET channel is then-region between the two p-type body 
diffusions, which act as the gate of the JFET. The JFET drain 
is the n+ bulk, usually thought of as the power MOSFET 
drain. 


SOURCE METAL 
POLY GATE Si02. GATE OXIDE 


+n SOURCE 


‘DEPLETION 
Ts TLETON apy 


"“®eea 
- 
""6@l cowna = 


n+ DRAIN 


FIGURE 1. A CROSS-SECTIONAL VIEW SHOWS THE PHYSI- 
CAL MAKEUP OF THE LATERAL LOW-VOLTAGE 
MOSFET AND VERTICAL JFET THAT OPERATE IN 
CASCODE AS THE POWER MOSFET. 


When you look at the power MOSFET this way, it becomes 
possible to use the standard SPICE II built-in device models, 
because SPICE Il can simulate both the vertical JFET and 
the lateral MOSFET. When we use the subcircuit to add the 
rest of the Harris IRF130 power MOSFET to these SPICE Il- 
simulated devices, we get a satisfactory equivalent circuit, 
shown in Figure 2. 


The gate-to-source capacitance of the Harris IRF130 power 
MOSFET is represented by Cp. It is really a composite of 
two capacitances. The first is formed between the polysilicon 
gate and source metal (with the thick oxide as a dielectric). 
The second is formed between the gate and the n+ source 
(with the thin oxide acting as the dielectric). The value of Co, 
is essentially unchanged by voltage or current. 


Capacitor Co, is formed between the power MOSFET gate 
and the accumulation layer, with the thin gate oxide as a 
dielectric. So long as the gate is positive with respect to the 
n-neck region, the accumulation layer exists and Cy, doesn’t 
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change. But, if the external drain voltage (less their voltage 
drop across then-drift region) approaches the gate voltage, 
the accumulation layer starts to disappear. When that 
happens, Co, abruptly drops in value. This sudden change 
has to be taken into consideration. 


C24 
<> 
FDSCHRG G) D 
MOS1 : ® 
DsBREAK 
@) 1® 
Cay * 
Dpopy ~ | Vereak 
- Vpinch | Rsource 
D1 G) =©® 
E41 © + oF Lsource 
= meas. 


® ¢ 


FIGURE 2. THE EQUIVALENT CIRCUIT OF THE POWER MOS- 
FET IS MADE BY COMBINING SPICE Il MODEL EL- 
EMENTS WITH SOFTWARE ~ SPECIFIED 
COMPONENTS ON A “SUBCIRCUIT.” 


Capacitor C3 represents the gate-to-drain capacitance of 
the Harris IRF 130 power MOSFET. Because the accumula- 
tion layer normally acts as an electrostatic shield, Co, has no 
significance until the layer ceases to exist under the 
conditions just described. When it does disappear, the effect 
upon Coz is abrupt, and also has to be taken into 
consideration. The sudden changes in Co4 and Co3 cannot 
be easily modeled with the standard SPICE II software. 


Figure 2 illustrates what happens: If the JFET source voltage 
(node 4) is very low compared to its pinch-off voltage, the 
JFET will be highly conductive, tightly coupling Co,4 to the 
JFET drain (which is also the drain of the Harris IRF130 
power MOSFET). However, as the node 4 voltage 
approaches the pinch-off voltage (Vpincy) of the JFET, it 
operates in a constant-current mode. This action decouples 
Co4 from the JFET drain, making possible a much faster 
slew-rate, determined by Co3. If the node 4 voltage is 
allowed to exceed Vpincy Of the JFET, errors will exist in the 
output waveforms predicted by the standard SPICE II model. 


To correct the situation, the added subcircuit includes a cur- 
rent-controlled current source, Foscyre, and a current- 
sense network containing D1. If node 4 voltage begins to 
exceed Vpincp Of the JFET, D1 conducts, and its current is 
sensed at Vycas. The high-gain current source Foscurg is 
turned-on rapidly and partially discharges Co4, pinning node 
4 voltage at the pinch-off voltage of the JFET. In setting up 
the parameters of the subcircuit, the ideality factor of D1 is 
set at 0.03 to assure that node 4 voltage will never exceed 


Vpincn Of the JFET by more than a few millivolts. This condi- 
tion results in waveform predictions from the SPICE II model 
that represent the true characteristics of the power MOSFET. 


The body diode (Dgopy in Figure 2) is formed by the drain- 
to-body diffusion pn junction of the Harris IRF130 power 
MOSFET. Dgopy is added as an external component in the 
subcircuit because the built-in gate-to-drain diode of the 
SPICE II JFET model is inconvenient when it comes to mod- 
eling third-quadrant conduction of a power MOSFET. We 
want most of the third-quadrant current to flow in Dgopy. So, 
we effectively delete the SPICE II model's built-in diode by 
setting its saturation current parameter to an artificially low 
value, such as 10°2° ampere. 


To round-out the subcircuit, a resistor value is chosen for the 
JFET drain of the SPICE II model to represent the series 
resistance of the n-drain region of the Harris IRF130 power 
MOSFET.° We also add resistor Rsource to represent the 
series source resistance of the Harris IRF130 power 
MOSFET: a composite of resistances in the n+ source 
region, contact resistance, and source-metal series 
resistance. Finally, we add inductor Lsource to represent 
the source inductance of the power MOSFET contributed by 
the source metallization and bond wires. 


Choosing Parameters to Simulate A Power 
MOSFET 


To accurately simulate the terminal characteristics of the 
physical power MOSFET you are working with, you will need 
to adjust the SPICE Il model parameters and select 
subcircuit component values. Look first at adjustment of the 
SPICE II model. The static current-voltage characteristics of 
the power MOSFET are determined by the low-voltage 
lateral MOSFET included in the SPICE II model; Figure 2. In 
saturation (large values of Vps), the lateral MOSFET device 
is modeled according to the following equation: 


(Kp)W (Vgg - Vo)? 


lbs = mt 

where 

Kp = Process Transconductance Parameter 

Vio = Threshold Voltage 

W = L= 1pm (Fixed In This Note For Convenience) 
Ips = MOSFET Drain Current 

Ves = MOSFET Gate-To-Source Voltage 


Continuing with the example device, the Harris IRF130 
power MOSFET, a plot of the square root of Ips versus gate 
voltage (Vgs) provides the curves shown in Figure 3 for Vps 
= 10 volts. These curves provide the process transconduc- 
tance parameter, (Kp/2)°°, and threshold voltage, Vyo, 
directly. This data can then be used to find the value of 
source resistance, Rsource. This series resistance is impor- 
tant because it causes the curve produced by plotting the 
square root Of Ips versus Vgs to depart from linearity at high 
current levels. Departure at very low current levels is caused 
by subthreshold conduction, which we ignore in this model. 
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To find the JFET drain resistance, we use the value of 
source resistance, Rsource, and plots of Ipg versus Vps for 
operation in the linear region, as shown in Figure 4. 


To find the current, resistance and capacitance parameters 
of the body diode (Dgopy in Figure 2), first plot log Ipg versus 
Vps, as shown in Figure 5, holding the gate voltage, Ves, 
negative for third-quadrant operation; i.e., where Vpg is less 
than 0. This plot gives the saturation current and resistance 
of Dgopy. The minority-carrier transit-time parameter (TT) of 
the SPICE Il program is chosen to provide the best fit to 
measured transient reverse-recovery data. The junction 
Capacitance value of Dgaopy is equal to the power MOSFET 
device output capacitance, Cogs, at zero volts. This value 
can be obtained from the device data sheet, or by bridge 
measurement. It is usually specified at 25 volts, and may be 
converted to zero volts by multiplying by 6. 


# 
. 


lps RsouncE ——>y_ gr — 
@ 


r SLOPE VKP/2 
‘< 
| 8 Vos > Ves 
= (SATURATED REGIME) 
- 
4.0 5.0 6.0 7.0 
VTHRESHOLD 


Ves (V) 


FIGURE 3. THIS PLOT OF THE SQUARE ROOT OF DRAIN 
CURRENT vs. GATE VOLTAGE DEFINES THE 
THRESHOLD VOLTAGE, Vyo, (Kp/2)°°, AND 
Reources FOR THE POWER MOSFET. 


SLOPE = Rp (JFET) + 
RsouRcEe 


Ips (A) 


0 


Vps (V) 


FIGURE 4. DRAIN CURRENT vs. DRAIN VOLTAGE OF THE 
POWER MOSFET PLOTTED USING CONSTANT 
GATE VOLTAGES. THIS CURVE DEFINES THE ON 
RESISTANCE OF THE DEVICE. 


LOG Ip (A) 


Vps (V) 


FIGURE 5. THIS PLOT OF LOG Ip VS Vps IN THIRD-QUADRANT 
OPERATION OF THE POWER MOSFET DEFINES Ig 
AND Rg, OF THE PARASITIC BODY DIODE, Dgopy- 


To properly simulate avalanche breakdown voltage with the 
added clamp circuit (diode Dgpeax and voltage source Vpreak 
in Figure 2), first set the voltage level of Veanrcax equal to the 
measured value of drain breakdown voltage. Then, adjust the 
SPICE li model parameters Ig, N, and Rg for Dyyeqx to obtain 
the best fit to the measured breakdown voltage curve. 


Selection of capacitors C2,, Co3, and Co4, and the parame- 
ters of the JFET (all shown in Figure 2), can be made using 
the curves of Figure 6. This is a plot of drain and gate volt- 
age versus time for a power MOSFET driven with constant 


Rorain = Bypss/lpc 
Ig =1mA 

TEST CIRCUIT 
(SEE REF. 1) 


BVpss 


9.0 


SLOPE = Ig/(Co; + 
C23 + C24) 


GATE VOLTAGE 
CURVE 


6.0 
=  BVpss 
ai 
> 2 


Ves (V) 


GATE PLATEAU VOLTAGE 


SLOPE ~ Iq/Co3 
SLOPE = Ig/Coy 


TRIAL Voinch IpRpson 


20 40 


TIME (us) 


FIGURE 6. PLOTTING DRAIN AND GATE VOLTAGES OF THE 
POWER MOSFT VS TIME DETERMINES THE VAL- 
UES OF C21, C23, C24, AND Voinch- 
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gate current (Ig).' The initial slope of the Vgg curve defines 
Co, (since for any value of gate voltage, Vgs, less than 
threshold voltage, Vro, the power MOSFET is in its off-state, 
so that the gate-to-source capacitance, C;, charges linearly 
under constant-current conditions). As Vto is reached, the 
low-voltage lateral MOSFET (Figure 2) turns on, and its 
drain voltage drops toward its minimum value. 


At the outset, the JFET is operating beyond pinch-off, and 
the slope of the Vps-versus-time curve is controlled by Co3. 
However, when the drain voltage falls below Vpincp, the 
JFET conducts, strongly coupling C24 to the JFET drain and 
greatly reducing the drain voltage slew rate. Thus, the value 
of Co3 can be approximated from the steep slope of the VDS 
curve in Figure 6, while the value of C2;+Co3+Co,4 corre- 
sponds to the labelled Ves slope. These values can be 
adjusted slightly to give the best slope fit. A trial value of 
VpincH (and Vy) is given by the labelled intercept of the Vps 
curve. Adjustments of this value will control the length of the 
gate plateau voltage needed to complete the curve fit. 


Table | lists the preferred algorithm for parameter extraction; 
Table Il summarizes the required empirical inputs. Together, 
these tables will aid in setting up the parameters for evalua- 
tion of a power MOSFET with SPICE Il and the subcircuit. 
As an example, Table 3 summarizes the input parameters for 
the SPICE II model and subcircuit, determined for the Harris 
IRF130 power MOSFET, using the approach just described. 
The IRF 130 is rated at 14 amperes and has a 100-volt block- 
ing capability. 

TABLE 1. PREFERRED ALGORITHM FOR PARAMETER 
EXTRACTION 


1. Determine Kp of lateral MOS 
2. Determine Vo of lateral MOS 


3. Determine Co, 


4. Determine C2, + Coz + Cog 


5. Determine Rsource and JFET drain resistance 


6. Assign beta of JFET = 100 x Kp of lateral MOS 
7. Use trial Vency 

8. 

9. 


Use trial C23 and calculate C2, 


Curve fit for slope by repeating step 8 with different values 
of C53. 


10. Adjust Vpiwcy and Vro of JFET to fix gate-voltage plateau 


MOSFET 


JFET 


TABLE 2. EMPIRICAL INPUTS 


Enhancement mode:W = L = 1pm; Kp (Figure 3); 
Vro (Figure 3); C’s = 0; Tox = 1E6um 


Depletion mode; area factor = 1; Beta = 100Kp 
(Figure 3); Vro = -Vpinch (Figure 6); C’s = diode 
lifetime = 0; diode ideality factor = 1.0; Is = 1E - 20; 
Rp (Figure 4) 


lg from Figure 5; Ideality Factor = 1.0; Rg from 
Figure 5 (must be very much smaller than Rp); 
C (from Coss); lifetime = best fit to Tar 


TABLE 2. EMPIRICAL INPUTS (Continued) 


ls = arbitrary; C = lifetime = 0; ideality factor = best 
low-current fit; R = best high-current fit 


Ils = 1E - 13; C = lifetime = 0; ideality factor = 0.03; 


Rs = 1 


Approx. (5L)In(4L/d) nH; L and d are source wire 


inches 


TABLE 3 - INPUT PARAMETERS OF IRF130 TO SPICE MODEL 


SPICE PARAMETER HARRIS IRF130 VALUE 
LATERAL MOS 


Model Level 


TO 


x 
| 
> 
< 


= 
ci 


VERTICAL JFET 


JMOD Area 


Implementing The Subcircuit in SPICE II 


Table IV is the input listing for the implementation of the 
power MOSFET subcircuit in SPICE II software. Nodes are 
identified for drain, gate, and source of the power MOSFET. 
The subcircuit then “hooks” to these nodes wherever 
specified in the SPICE II simulation. Any number of power 
MOSFETs can be specified. The parameters listed are for an 
IRF130 power MOSFET. 
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The Results 


The real test of the enhanced SPICE II model is how closely 
its predicted performance compares with actual measure- 
ments. Using the input parameters for the Harris IRF130 
device example given in Table Ill, we calculated transfer and 
Output curves for the model. These curves were then com- 
pared against measured static data. Figures 7 and 8 show 
the precise fit between predicted and measured static data, 
even at low values of drain voltage. 


To see how the model performs in dynamic prediction, we 
simulated first-quadrant operation (including avalanche 
mode) and third-quadrant operation for the Harris IRF130 


power MOSFET. Once again, the predicted performance of 
the enhanced SPICE II model fits actual measurements sat- 
isfactorily over the entire operating range of the Harris 
IRFI30, as shown in Figures 9 and 10. 


To compare calculated switching performance versus actual 
measurement on the Harris IRF130, we used the enhanced 
SPICE Il model to generate switching curves. Figure11 
shows drain and gate voltages versus time with a constant 
gate-current drive. Figure 12 shows drain and gate voltages 
versus time for a step gate-voltage input. Actual measured 
data was then taken and overlaid on the points predicted by 
the enhanced SPICE II model. Again, the fit was accurate in 
each case. 


TABLE 4 - INPUT LISTING OF SUBCIRCUIT MODEL 
Listed Parameters Valid for a Harris IRFI3O Power MOSFET 


* THIS IS THE POWER MOS SUBCIRCUIT 
* NODE 3 IS THE POWERMOS DRAIN 

* NODE 2 IS THE POWERMOS GATE 

* NODE 11 IS THE POWERMOS SOURCE 


* 


® 


OPTIONS NOMOD NOLIST NOACCT NONODE LIMPTS=250 GMIN=1.0E-20 


.SUBCKT POWMOS 3 2 11 
C21 2 1 900P 

C23 2 3 40P 

C24 2 4 1360P 

FDSCHRG 4 2 VMEAS 1.0 
MOS1 42 11 MOSMOD L=1U W=1U 
JFET 3 1 4 JMOD AREA=1 
DBODY 1 3 DMOD2 
RSOURCE 1 10 17.5E-03 
LSOURCE 10 11 7.5N 
E415 11411.0 

Di 56 DMOD 

VPINCH 6 8 DC 6.4 
VMEAS 8 11 DC 0.0 
DBREAK 3 7 DMOD3 
VBREAK 7 1 DC 117 


MODEL MOSMOD NMOS VTO=3.4 KP=6.40 TOX=1.0E+06U 


.MODEL JMOD NJF VTO=-6.4 BETA=640 IS=1.0E-20 RD=42.5E-03 


-MODEL DMOD D IS=1.0E-13 N=0.03 RS=1.0 


MODEL DMOD2 D CJO=1650P TT=70N IS=3.0E-12 RS=2.5E-03 


.MODEL DMODS3 D IS=1E-13 RS=2.0 N=1.0 
ENDS 


® 


* 
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FIGURE 7. MEASURED SQUARE ROOT OF DRAIN CURRENT 
(DRAIN VOLTS = 10) vs. GATE VOLTAGE FOR THE 
HARRIS IRF130 POWER MOSFET IS PLOTTED 
ALONG WITH THE CALCULATED VALUES FOR 
THE ENHANCED SPICE Il MODEL. AN EXCEL- 
LENT FIT IS OBTAINED. 


HARRIS IRF130 


rr) 

cr 

we ° 

= 

< Vg = 4.0 VOLTS g 

z1 COCOCOFCOCOO0O09000 000 

z Vg = 3.8 VOLTS © 

~ 00000000000000 00 0 oF 
Vg = 0.0, VOLTS 

0 20 40 60 80 100 120 

Vorain - VOLTS 


FIGURE 9. FIRST QUADRANT DRAIN CURRENT vs. DRAIN 
VOLTAGE WITH Veg HELD CONSTANT IS CALCU- 
LATED BY THE ENHANCED SPICE Ii MODEL OF 
THE HARRIS IRF130 POWER MOSFET. NOTE 
THAT THE MODEL PREDICTS AVALANCHE 
BREAKDOWN. 
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HARRIS IRF130 
mums MEASURED 
O MODEL 


lprain (A) 


Vg = 4.0V 
e J @e e Ss 
0c¢ 
0 1 2 3 4 5 6 7 


Vprain (V) 


FIGURE 8. PLOTS OF DRAIN CURRENTvs. DRAIN VOLTAGE 
FOR THE HARRIS IRF130 POWER MOSFET SHOW 
AN EXCELLENT FIT BETWEEN MEASURED VAL- 
UES AND THOSE CALCULATED BY THE EN- 
HANCED SPICE II MODEL FOR VARIOUS VALUES 
OF CONSTANT GATE VOLTAGE. 


VprAIN (V) 


HARRIS IRF130 
mums MEASURED 
O CALC. 


lprain (A) 


CALC. VALUES FOR 
Voate = 0 AND 2 
ARE COINCIDENT 


FIGURE 10. THIRD-QUADRANT OPERATION OF THE HARRIS 


IRF130 SHOWS AGREEMENT BETWEEN THE 
PREDICTED VALUES OF THE ENHANCED SPICE Il 
MODEL AND ACTUAL MEASURED VALUED OF 
DRAIN CURRENT vs DRAIN VOLTAGE AT DIFFER- 
ENT VALUED OF CONSTANT GATE VOLTAGE. 
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FIGURE 11. THESE PLOTS OF DRAIN AND GATE VOLTAGES vs. TIME FOR CONSTANT GATE CURRENT SHOW AGREEMENT 


BETWEEN THE PREDICTIONS OF THE ENHANCED SPICE Ii MODEL (a) AND MEASURED PERFORMANCE OF THE 
HARRIS IRF130 POWER MOSFET (b). 
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FIGURE 12. SWITCHING PERFORMANCE OF THE HARRIS IRF130 POWER MOSFET IS CLOSELY PREDICTED BY THE ENHANCED 


SPICE Il MODEL IN THIS PLOT OF MEASURED AND CALCULATED VALUES OF DRAIN AND GATE VOLTAGES vs. 
TIME IN A STANDARD SWITCHING CIRCUIT. 
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IDRAIN Amperes 


Time (Nanoseconds) 


FIGURE 13. THE CALCULATED THIRD-QUADRANT DIODE RECOVERY WAVEFORM OF THE ENHANCE SPICE Il MODEL SHOWS 
GOOD AGREEMENT WITH THAT ACTUALLY MEASURED FOR THE HARRIS IRF130 POWER MOSFET 


Finally, the enhanced model was used to compare calcu- 
lated and measured body diode (Dgopy in Figure 2) recovery 
time curves in third-quadrant operation of the Harris power 
MOSFET. Figure 13 shows the good agreement between 
predicted and actual results. 


This approach provides excellent results when there is a 
need to model the performance of a power MOSFET. Not 
only will the approach update SPICE Il (or other circuit 
simulation CAD program) so that it will simulate the latest 
state-of-the-art in MOS power, but it will allow quick analysis 
of every static and dynamic characteristic for suitability in a 
proposed design. 
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Abstract 


An accurate power-MOSFET model is not widely available 
for CAD circuit simulation. This work provides a subcircuit 
model which is compatible with SPICE-2 software and 
MOSFET terminal measurements. SPICE-2 is the circuit 
simulation package of choice for this work because of its 
universal availability, despite its inherent limitations. These 
limitations are circumvented through circuit means. 


This effort models power-MOSFET terminal behavior consis- 
tent with SPICE-2 limitations; hence it will differ from the 
physical model as suggested by Wheatley, et al’, Ronan 
et al? and others. We feel we have advanced prior efforts? 
particularly in areas of third-quadrant operations, avalanche- 
mode simulation, switching waveforms and diode recovery 
waveforms. 


Discussion 


The subcircuit shown in Figure 1 is described in Table 1. All 
passive circuit elements are constants. The very-high-gain 
JFET is used to simulate the dual-slope drain voltage vs time 
switching curve common to the power MOSFET. 2 


Deopy ~| VBREAK 


Rsource 


FIGURE 1. SPICE-2 SUBCIRCUIT FOR POWER MOSFET SIMU- 
LATION. 


Copyright © Harris Corporation 1992 


NOTE: If the JFET source voltage, E;, is very low relative to 
its Vpincy Voltage, the JFET is in a highly conductive state, 
tightly coupling C. to the JFET drain. However, as the volt- 
age E, approaches Vpincy, the JFET operates in a con- 
stant-current mode, thereby permitting a much faster drain 
slew rate, which is determined primarily by C3. 


If E; exceeds Vpincu, errors will exist in the turn-on wave- 
forms. The Cy, discharge current-controlled current source 
remedies this situation in conjunction with the subcircuit con- 
taining D5. The Dg ideality factor was set at 0.03 to assure 
that E,; minus Vpijcy does not exceed several millivolts. 


The body diode cannot be properly modeled by the JFET 
gate-drain diode, hence Dgopy. Conditions of Table 1 assure 
that most third-quadrant current flow is via Dgopy. Avalanche 
breakdown is more accurately modeled by the clamp circuit 
containing D,. 


Table 1 in combination with Figures 2, 3, 4 and 5 provides 
the required empirical inputs. Table 2 lists the preferred algo- 
rithm for parameter extraction. 
TABLE 1. EMPIRICAL INPUTS 
Enhancement mode; W = L = 1pm; Kp (Figure 
2); Vro (Figure 2); C’s = 0; Ingo = IE -12 
JFET Depletion mode; areas factor = 1; B = 100Kp 
(Figure 2); Vro = Vpincy (Figure 5); C’s = diode 
lifetime = Rgepies = 0; diode ideality factor = 1.0, 
lpso = IE -20 
ls from Figure 4; ideality Factor = 1.0; R from 
Figure 4 (must be very much greater than Rp); 
C (from Cogs); lifetime = best fit to Tar 
D, lg = arbitrary; C = lifetime = 0; ideality factor = 
best low-current fit; R = best high-current fit 
D2 Ils = 1E -8; C = lifetime = R = 0; ideality factor = 
0.03 
Rs Figure 2. 


MOSFET 


BODY DIODE 


Rprain Figure = 


Ls Approximately (5L) In (4 L/d) nH; L and d are 
source wire inches. 


VPINCH Vro of JFET. 

VerK Avalanche voltage. 

C, From Figure 5. 
Maximum from Figure 5. 
Minimum from Figure 5. 
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~ 
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FIGURE 2. SQUARE ROOT OF DRAIN CURRENT vs GATE 
VOLTAGE DEFINES Vyyresuoup: Kp, AND Rs. 


RFP15N15 —- 
Ves =0 


KT 
SLOPE = “a 


= 60mV/DECADE 


LOG Ip (AMPERES) 
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FIGURE 4. THIRD-QUADRANT OPERATION DEFINES!, ANDR 
OF DIODE Dgopy- 


TABLE 2. PREFERRED ALGORITHM FOR PARAMETER 
EXTRACTION 


. Determine Kp of lateral MOS 

. Determine V+, of lateral MOS 

. Determine C, 

. Determine C, +C2+Cz 

. Determine Ros . 

. Assign B of JFET = 100 x Kp of lateral MOS 

. Use trial VepiwoH 

. Use Cz (Maximum), C3 (Minumum) are curve-fit C’s 
. Adjust Vpincp to fix gate voltage plateau 


OMAN OA F&F WN = 


RFP15N15 
25 
20 SLOPE = Rp + Rg 

an 
3 

> 15 
& 
> 

10 

5 

0 2 4 6 


lps (AMPERES) 


FIGURE 3. DRAIN CURRENT vs DRAIN VOLTAGE WITH CON- 
STANT GATE VOLTAGE DEFINES “ON” RESIS- 
TANCE. 


RFP15N15 
Rorain ® 10Q 
Ig=imA 
TEST CIRCUIT 

(SEE REF. 1) 


9.0 


SLOPE = Ig/(C; + 
C2 + C3) 
eA 


Ves (VOLTS) 
s 
o 
o 
Vos (VOLTS) 


GATE PLATEAU VOLTAGE 


SLOPE ~ Ig/C2 
SLOPE =Ig/Cy 


TRIAL Vp inch lbRoson 


40 
TIME (us) 
FIGURE 5. DRAIN AND GATE VOLTAGE vs TIME DETERMINE 
Cj, C2, Cs AND Veincu: 


Results 


Figure 6 and Figure 7 compare measured static data to 
calculated transfer curves and output curves. Calculated 
static-output curves are shown in Figure 8 and Figure 9 for 
third-quadrant range, including avalanche. 


Calculated switching data is compared to measured 
switching curves’ in Figure 10 and Figure 11. Calculated 
body-diode recovery curves are shown in Figure 12. 
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FIGURE 6. DRAIN CURRENT vs GATE VOLTAGE (NOTE 
SQUARE ROOT SCALE) - MEASURED CURVE vs 


CALCULATED POINTS. 
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FIGURE 8. THIRD-QUADRANT DRAIN CURRENT vs DRAIN 
VOLTAGE WITH CONSTANT POSITIVE GATE 
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2% 90 Z——7e SC RFPASN15 oan 62 
8 my © MEASURED cs ~ i 8 
2 eo | I === CALCULATED Ne 13 
= | Rorain = 10Q \ > 
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FIGURE 10. DRAIN AND GATE VOLTAGE vsTIME FOR CON- 
STANT GATE CIRCUIT - MEASURED CURVES vs 
CALCULATED POINTS. 
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FIGURE 7. DRAIN CURRENT vs DRAIN VOLTAGE FOR CON- 
STANT VALUES OF GATE VOLTAGE - MEASURED 
CURVES vs CALCULATED POINTS. 
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FIGURE 9. FIRST-QUADRANT DRAIN CURRENT vs DRAIN 
VOLTAGE, Vgg = CONSTANT. NOTE AVALANCHE 
BREAKDOWN (CALCULATED). 
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FIGURE 11. DRAIN AND GATE VOLTAGE vs TIME FOR STAN- 
DARD SWITCHING CIRCUIT - MEASURED 
CURVES vs CALCULATED POINTS. 
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FIGURE 12. THIRD-QUADRANT DIODE-RECOVERY-TIM 
CURVE (CALCULATED). 
Conclusion 


An equivalent-circuit model for power-MOSFETs, that is suit- 
able for use with the SPICE CAD program, has been demon- 
strated. The model is compatible with all versions of SPICE 
presently available without modification to the program’s 


internal code. The model addresses static and dynamic 
behavior of first and third-quadrant operation, including ava- 
lanche breakdown, and is empirical in nature; all necessary 
input parameters may be inferred from data sheets or simple 
terminal measurements. 


Excellent agreement has been obtained between measured 
and simulated results. 
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A NEW PSPICE SUBCIRCUIT FOR THE POWER MOSFET 
FEATURING GLOBAL TEMPERATURE OPTIONS 
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Abstract 


An empirical sub-circuit was implemented in PSpice® and is 
presented. It accurately portrays the vertical DMOS power 
MOSFET electrical and for the first time, thermal responses. 
Excellent agreement is demonstrated between measured 
and modeled responses including first and third quadrant 
MOSFET and gate charge behavior, body diode effects, 
breakdown voltage at high and low currents, gate equivalent 
series resistance, and package inductances for 
temperatures between -55°C and 175°C. Parameter extrac- 
tion is relatively straight forward as described. 


Introduction 


Circuit simulation commonly uses one of the SPICE [1] 
programs. However, power circuits require proper models 
for unique devices which are not included in the supplied 
libraries. Efforts have been published to model the power 
MOSFET [2-10] with varying degrees of success. The more 
successful papers have used sub-circuit representaiion. 
To-date, a thermal model has not been offered. 
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Objective 


It is the goal of this effort to provide for the first time a 
thermal sub-circuit model capable of providing accurate sim- 
ulation throughout all of the power MOSFET regimes. In 
addition the sub-circuit should be readily understood and 
accepted by users, and the ease of parameter extraction 
should be demonstrated. 


Method 


A sub-circuit approach is employed which is empirical. It is 
developed to provide black box conformity to the power 
MOSFET throughout the operating regime normally 
traversed by the dictates of most power circuit applications 
including junction temperature. Although device thermal 
behavior is the driving force, respect is maintained toward 
the physics and the SPICE algorithms. 


The developed sub-circuit schematic is shown in Figure 1. 


RprAiN 


DBREAK 
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Vi + 


EBREAK (7n9 


Rsource LsouRcE 3 
SOURCE 


RBREAK 


FIGURE 1. PSPICE MODEL SUBCIRCUIT 
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There are many forms of SPICE, each with its own strengths 
and weaknesses. PSpice® was chosen for the following 
reasons. 
1. An evaluation copy capable of considerable circuit anal- 
ysis for power circuits is available. 
2. The PROBE feature provides excellent displays. 
3. Programmed time slice defaults and DC convergence 
routines make it very friendly. 
4. The switch algorithm of PSpice® provides a very smooth 
transition from off to on. 
Other forms of SPICE were not investigated, but they should 
be amenable to the development of a similar sub-circuit by 
paralleling the teachings of this work. 


Driving constraints for this work were: 
1. The SPICE device equations should not be modified. 


2. Global temperature should be included. 

3. All modes and levels of power MOSFET operation should 
be modeled. 

4. The sub-circuit should be empirically developed to 
complement the device physics and the source code 
algorithms. 


5. The sub-circuit should be acceptable to a circuit design 
user. 


6. Parameter extraction should require little or no iteration. 
Temperature Modeling 


Use is made of voltage controlled voltage sources and 
model statements in order to form master/slave circuit 
relationships. In this manner, resistors can often be used to 
establish a first and second order temperature correction 
where direct PSpice algorithms will not permit thermal 
modeling. 


An Overview (Figure 1) 


The primary device for gate controlled positive or negative 
current flow is provided by Mos1 which is defined by the level 
1 model MOSMOD. The second order effect of threshold 
voltage is set by Mos2 combined with the voltage Vio 
Model MOSMOD also defines Mos2 but with a 1 percent 
scaling. 


It is necessary that Rsource and Rprain be provided as 
separate resistors, rather than being included with the 
mosfets. In this manner, 1st and 2nd order temperature 
effects may be added as described by model RDSMOD. 


The thermal variation of KP as provided by the source code 
is a satisfactory representation. However, the threshold 
voltage of Mos1 must be modified by the voltage dependent 
voltage source Eyto. Evyto provides an additive or subtrac- 
tive voltage in series with the gate as a function of tempera- 
ture. It is equal to the sum of Vgar and the product of It and 
Ryto- Temperature variation is provided by model RVTO- 
MOD. 


Avalanche breakdown of the MOSFET is provided by the 
clamp circuit of Dgpeax in series with Egrrax. The value of 
Esreak iS provided by the multiplier of Egrrax. and the 
product of It times Rgereax. Temperature variation is pro- 
vided by model RBKMOD. High current voltage drops are 


provided by RS of the model DBKMOD including thermal 
sensitivity. 


The power MOSFET being modelled contains a third quad- 
rant diode as a fabrication consequence, and it is repre- 
sented by Dgopy. Model DBDMOD provides the leakage 
current IS, the transit time for stored charge effects TT, the 
body diode series resistance RS, temperature dependence 
of this resistor TRS1 and TRS2, and the MOSFET output 
capacitance CJO. 


The inductances associated with the device terminals are 
represented by Lsource: Laare, and Lorain: 


The effective series resistance associated with the gate is 
modelled by the resistor Rearte- 


A gate to source input capacitance is represented by Cy. 
MOSFET output capacitance is provided by model DBD- 
MOD as described above. Feedback capacitance is pro- 
vided by Dpicap as defined by model DPLCAPMOD. A 
diode was used for this function to provide a square root 
dependency with drain to source voltage. The voltage 
dependent voltage generator Egg is added to assure that the 
drain to source voltage is imposed across the feedback 
capacitor while forcing the feedback current flow into the 
gate node. It is further necessary that the ideality factor N of 
model DPLCAPMOD be made large to exclude forward 
diode conduction during third quadrant operation of the 
MOSFET. 


A capacitor Cy is switched in parallel with Cj), when the gate 
to source voltage becomes sufficiently negative. This 
switching is implemented by the switch S1A. Model 
S1AMOD defines the switch closed resistance, open resis- 
tance, and the gate to source voltages through which the 
fully on to fully off transition occurs. During this transition, 
switch S1B also transitions from fully off to fully on. Switch 
S1B is defined by model S1BMOD. Voltage controlled volt- 
age generator Egs provides the proper charge state for Ca 
when switch S1A is open. 


In a similar manner, the capacitor Cg is switched in parallel 
with Cj), when the drain to gate voltage becomes negative. 
Switch S2A is defined by model S2ZAMOD for the on resis- 
tance, off resistance, and drain to gate voltage transition 
range. During this transition switch S2B also transitions as 
defined by model S2BMOD. Voltage controlled voltage gen- 
erators Eps and Eggs provide the proper charge state for Cg 
when switch S2A is open. 


In order to facilitate DC convergence, PSpice® provides a 
minimum conductance between all nodes as defined by the 
PSpice® analysis options. In order to assure that a floating 
gate initial condition will not exist should a modeler drive 
from a current source, a very large gate to source resistor 
Rin is added. Inclusion of Ri is recommended but not 
required. 


All sub-circuit elements are treated as being independent of 
temperature if they are not otherwise defined. 


Gate propagation effects [15], radiation effects, and inherent 
VDMOS design deficiencies are not modelled. This is 
discussed later. 
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All discussions apply equally to P channel although N 
channel is discussed exclusively. 


Applications 


The sub-circuit combined with external circuitry may be 
analyzed for many responses. Three circuits are modelled to 
demonstrate the capability of the PSpice® sub-circuit model. 
A synchronous rectifier producing 100 watts at 5 volts DC 
from a 100KHz square wave demonstrates the ability to 
handle the first and third quadrant regimes of two 
MOSFETs, including conversion efficiency versus tempera- 
ture. Calculated waveforms are presented, but they are 
unsupported by measured data. The diode recovery 
waveform is modelled and compared to the measured 
response. Switching waveforms of the power MOSFET are 
also modelled and compared to the measured results. 


SYNCHRONOUS RECTIFIER 


The schematic of a synchronous rectifier circuit is shown in 
Figure 2. The rectifier power MOSFETs are a pair of cross 
coupled RFH75NO5 megafet devices. Conduction is offered 
by a forward gate bias with negative drain current (third 
quadrant mosfet operation) and voltage blocking is assured 
by a slightly negative gate bias for first quadrant MOSFET 
operation. 


a © win © vp © 


40nh 


XM2 
RFH75NO05 


XM1 
RFH75NO5 


FIGURE 2. SYNCHRONOUS P RECTIFIER CIRCUIT 


VM1 to VM4 are voltage sources of zero potential and are 
used to permit a recording of branch currents. The trans- 
former secondary normally used in a supply of this sort is 
represented by voltage source V1 and leakage inductance 
L2. Filter inductor L1 and capacitor C1 provide energy stor- 
age and smoothing for the 100KHz square wave of V1. Rise 
and fall times of the square wave are not critical, but were 
set at 40ns. Gate coupling resistors R1 and R2 are some- 
what critical, in that too high a value will restrict the conduc- 
tion transition time of the MOSFET. Alternatively, a value too 
low will permit a high voltage drain spike to appear on the 
gate of the MOSFET. 


The calculated output voltage turn on transient is shown in 
Figure 3. Of course this represents a feed forward circuit 
response only. In practice, the unmodelled drive circuit with 
pulse width modulation and feedback would provide a much 
faster response which would be slew rate limited. The ripple 
voltage is 5mV RMS. 


The efficiency for this portion of the synchronous rectifier 
circuit is plotted in Figure 4 as a function of temperature from 


-25°C to 150°C. As a convenience, the equation used by 
PROBE® (PSpice's® waveform plotter routine) is included. 
This equation yields a solution rapidly. 


OUTPUT VOLTAGE (V) 
rR) 


1 POWER OUT = 100W 
FREQUENCY = 100kHz 
T= +25°C 


100 200 300 
TIME (us) 
FIGURE 3. RECTIFIER OUTPUT VOLTAGE 


EFF = (1/(1 + AVG(AVG(I(VM4) * V(8) 
+ I(VM3) * V(7) + 1(R3) * V(4.5) 
)VAVG(AVG(I(R4) * V(5)))) 


RECTIFIER EFFICIENCY (%) 


AMBIENT TEMPERATURE (°C) 
FIGURE 4. RECTIFIER EFFICIENCY 


Transition voltage waveforms of the input voltage, one drain 
voltage, and one gate voltage are plotted in Figure 5. The 
value of drain voltage during third quadrant conduction is 
approximately -0.2 volts. Other waveforms are readily 
available by use of the PSpice® system. 


20 


a 
o 


VOLTAGE (V) 


5100 5300 


o 


eT | | || ee 
100 300 

TIME (ns) 

FIGURE 5. TRANSITION VOLTAGE WAVEFORMS 
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RECOVERY WAVEFORMS 


Figure 6 shows the MOSFET current of the parasitic 3rd 
quadrant diode vs time as modelled with the sub-circuit and 
as measured using the Berman SM30 equipment. Measure- 
ments show very little temperature sensitivity. Therefore it is 
not modelled. 


DRAIN CURRENT (A) 


200 
TIME (ns) 


FIGURE 6. DIODE RECOVERY WAVEFORMS 
SWITCHING WAVEFORMS 


Switching time measurements of the power MOSFET are 
usually taken in a circuit similar to that of Figure 7. Although 
parasitic wiring inductance is not normally shown, it exists 
and is modelled as shown. The waveforms of gate and drain 
voltages are presented as measured and modelled in Figure 
8. Switching times of Figure 8 are listed in Table 1. 


TABLE 1. SWITCHING TIME DATA 
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FIGURE 7. SWITCHING TIME CIRCUIT 


” TIME (us) 
FIGURE 8. SWITCHING TIME WAVEFORMS 


Measured vs Modelled Characteristics 


The device characteristics have been measured (data 
points) and modelled (solid line) as plotted in Figures 9 to 
19. Thermal responses were omitted from some figures to 
improve the clarity of presentation. 


Discussion Of Results 


Excellent correlation generally exists between measured 
and modelled information over the current range from zero to 
three times the device rated current. As the drain voltage is 
increased from zero volts with a constant gate voltage, the 
MOSFET transitions from the linear mode to the saturated 
mode. Conformance of modelled to actual data is very good 
in the constant current regime (saturated mode). A forcing of 
conformance exists for the very high gate voltages in the 
linear mode, with departure existing for the linear mode with 
lesser values of constant gate voltages. 


The actual drain voltage in the linear mode is seen to be as 
much as 20 percent below the modelled value in worst 
cases. This represents a conservative error for circuit calcu- 
lations in that the conduction loss is somewhat less than 
modelled. In addition, the gate drive is usually high under 
MOSFET conduction, thereby avoiding operation in the 
regions of discussion. 
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FIGURE 9. OUTPUT CURVES 
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The discrepancy results because the PSpice® algorithm for 
a mosfet assumes the channel surface concentration to be 
constant. In the power MOSFET, the surface concentration is 
gaussian along the channel length. Hence, the observed 
behavior is as would be expected. 


The modelled response can be improved by changing the 
PSpice® algorithm, however changes of this type were ruled 
out for this work. 


Ip (A) 


Ves (V) 
FIGURE 10. TRANSFER CURVES 


Excellent agreement exists. 


a a 


MODEL 
* DATA 
-50 0 100 150 


Ty (°C) 
FIGURE 11. THRESHOLD VOLTS 


Excellent agreement exists. This would not be so without the 
inclusion of Mos2 to represent the sharp corners of the many 
hexagonal cells of the structure. The flat part of the hex cells 
results in a two dimensional diffusion during processing and 
the establishment of a source to body junction cross-over 
concentration at the surface, resulting in Mos1 as modelled. 
However, the corners of the hex cells introduce a three 
dimensional diffusion resulting in a lower source to body 
junction cross-over concentration at the surface. The 
unpublished work of Klodzinski, et al [11] processed test and 
control devices upon a common wafer where the corners of 
the hex source implant were excluded versus included, 
revealing threshold voltages approximately 0.4 volts higher 
for the test. 


Omission of Mos2 would not impact circuit performance, 
however a reverence of attached importance to the 
MOSFET threshold voltage mandates modelled to 
measured agreement. 


FIGURE 12. BREAKDOWN VOLTAGE, LOW CURRENT BVpss 


Excellent agreement exists. 


BVoss a 
FIGURE 13. BREAKDOWN VOLTAGE,, HIGH CURRENT BVpss 


Excellent agreement exists. 


Rpscon) (mQ) 


Ty (°C) 
FIGURE 14. ON RESISTANCE vs TEMPERATURE 


Excellent agreement exists. 


10-19 


SPICE MODELS 


Application Note 9210 


Vos >> Ves 
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FIGURE 15. TRANSCONDUCTANCE CURVES 
Excellent agreement exists. 
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FIGURE 16. GATE CHARGE CURVES 


Excellent agreement exists. The non linear behavior of gate 
charge for negative gate bias is seldom shown. A significant 
increase in turn on delay results by operating from a 
negative gate voltage. 
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FIGURE 17. CAPACITANCE CURVES 
Excellent agreement exists. 


-200 


FIGURE 18. BODY DIODE CURVES 


All three measured data curves were noted to cross at a 
drain current of 180amps. Excellent agreement exists. 
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FIGURE 19. 3RD QUADRANT MOSFET CURVES 


Good agreement exists. The departure seen between 
modelled and measured exists for the same reason as the 
departure of the output curves in the linear regime. This 
would also be improved by changing the PSpice algorithm 
as suggested relative to Figure 9. 


-80 


Parameter Extraction 


The sub-circuit is chosen to minimize interdependencies 
between parameters. A listing of the sub-circuit is presented 
in Table 2 as a template which routes the Modeler through 
extraction with guiding comments. Although the template is a 
complete and workable PSpice® sub-circuit listing, all 
parameter values except KP and VTO are chosen to be 
transparent to the results of the analysis. As the transparent 
values are replaced with extracted values, the model is 
developed. The listing in Table 2 is structured so that 
parameters being extracted have very little dependency 
upon those values which are not yet determined. If desired 
after completing the extraction, an iteration may be made for 
the comfort of the Modeler. 
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EXTRACTION OF MODEL PARAMETERS FROM PHYSICAL MEASUREMENTS 


TABEL 2. TEMPLATE 


.SUBCKT TEMPLATE 2 13; rev 12/17/90 
“Nom Temp=25 deg C 


Mos1 16 6 8 8 MOSMOD M=0.99 ; 
-MODEL MOSMOD NMOS (VTO=3 KP=10 
+IS=1e-30 N=10 TOX=1 L=1u W=1u) 


Mos2 16 21 8 8 MOSMOD M=0.01 ; 
Vto 2160 


Rsource 8 7 RDSMOD 1e-12 ; 
Rdrain 5 16 RDSMOD 1e-12 ; 
-MODEL RDSMOD RES (TC1=0 TC2=0) 


Evto 206 1881; 

Rvto 18 19 RVTOMOD 1 

It8171 

Vbat 8 19 DC 1 

-MODEL RVTOMOD RES (TC1=0 TC2=0) 


Ebreak 11 7 17 18 1000; 
Dbreak 5 11 DBKMOD 
Rbreak 17 18 RBKMOD 1 


.MODEL RBKMOD RES (TC1=0 TC2=0) ; 
-MODEL DBKMOD D (RS=0 TRS1=0 TRS2=0) ; 


Dbody 7 5 DBDMOD ; 
.MODEL DBDMOD D (IS=1e-30 RS=0 TRS1=0 
+TRS2=0 CJO=0 TT=0) 


Lgate 19 1e-12 ; 
Ldrain 2 5 1e-12 
Lsource 3 7 18-12 
Rgate 9 20 1 


Cin 6 8 1e-15; 


Dpicap 10 5 DPLCAPMOD ; 
-MODEL DPLCAPMOD D (CJO=0 IS=1e-30 N=10) 
Esg 610681 


Ca 12 8 1e-15; 

S1a6 12 13 8 S1AMOD 

S1b 13 12 13 8 SiBMOD 

-MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 
+VON=-3 VOFF=-1) 

-MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 
+VON=-1 VOFF=-3) 

Egs 138681 


Cb 15 14 10-15; 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2CBMOD 

.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 
+VON=-2.5 VOFF=2.5) 

.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 
+VON=2.5 VOFF=-2.5) 

Eds 148581 


Rin 6 8 1e9 ; 
-ENDS 


Step 1 


Step 2 


Step 3 
Step 4 
Step 5 
Step 6 


Step 7 


Step 8 
Step 9 
Step 10 


Step 11 


Step 12 
Step 13 


Step 14 


Step 15 


Step 16 


TABLE 3. FINAL MODEL 


-SUBCKT RFH75N05 2 13; rev 3/20/91 
“Nom Temp=25 deg C 


Mos1 16 6 8 8 MOSMOD M=0.99 
.MODEL MOSMOD NMOS (VTO=3.48 KP=78.5 
+1S=1e-30 N=10 TOX=1 L=1u W=1u) 


Mos2 16 21 8 8 MOSMOD M=0.01 
Vto 2160.6 


Rsource 8 7 RDSMOD 2e-3 
Rdrain 5 16 RDSMOD 3.07e-3 
-MODEL RDSMOD RES (TC1=5.2e-3 TC2=1.37e-5) 


Evto 206 18 8 1 

Rvto 18 19 RVTOMOD 1 

It8171 

Vbat 8 19 DC 1 

MODEL RVTOMOD RES (TC1=-3.78e-3 TC2=-7.510-7) 


Ebreak 11 7 17 18 58.4 
Dbreak 5 11 DBKMOD 
Rbreak 17 18 RBKMOD 1 


-MODEL RBKMOD RES (TC1=9.5e-4 TC2=-1.17e-6) 
-MODEL DBKMOD D (RS=8e-2 TRS1=2.5e-3 TRS2=0) 


Dbody 7 5 DBDMOD 
.MODEL DBDMOD D (!S=2.23e-12 RS=2.28e-3 TRS1=2.98e- 
+TRS2=2.22E-12 CJO=7.55e-9 TT=4e-8) 


Lgate 1 9 5e-9 

Ldrain 2 5 1e-9 

Lsource 3 7 3e-9 

Rgate 9 20 1.2 ‘ 


Cin 6 8 4.48e-9 


Dpicap 10 5 DPLCAPMOD 
-MODEL DPLCAPMOD D (CJO=2.14e-9 IS=1e-30 N=10) 
Esg610681 


Ca 12 8 8.98e-9 

Sia 6 12 13 8 S1AMOD 

Sib 13 12 13 8 S1BMOD 

MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 
+VON=-2.48 VOFF=-0.48) 

MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 
+VON=-0.48 VOFF=-2.48) 

Egs 13868 1 


Cb 15 14 8.816-9 

S2a 6 15 14 13 S2ZAMOD 

S2b 13 15 14 13 S2BMOD 

-MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 
+VON=-2.25 VOFF=2.75) 

-MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 
+VON=2.75 VOFF=-2.25) 

Eds 148581 


Rin 6 8 1e9 
-ENDS 


SPICE MODELS 


10-21 


Application Note 9210 


OBTAINING EXPERIMENTAL DATA 


When the authors experienced difficulty in parameter extrac- 
tion the problems were traceable to erroneous data in all 
cases. The following caveats are offered: 


. Obtain all data from a single device. 

. Read gate voltage data to the nearest 0.01 volt. 

. Employ Kelvin sensing to the package leads. 

. Avoid self heating (a difficult assignment) 

. Inconsistencies lurk in data sheet curves and 
specifications. 

FINAL MODEL 


The final model for the RFH75NO05 is shown in Table 3 and 
serves as an aid to understanding as it is developed from the 
template. 


STEP 1 - MODEL MOSMOD (VTO AND KP) 


The square root of drain current is plotted versus the gate to 
source voltage for the MOSFET in the saturated regime; a 
straight line results. The zero current intercept defines VTO 
and the slope defines the square root of (KP/2). Vary VTO 
and KP to obtain the best fit to data for the low to medium 
current experimental data at 25°C. 


ar on — 


VTO is not the threshold voltage as measured. In order to 
use the algorithm of the PSpice® Level 1 model, W(the 
channel width) and L(the channel length) are defined as one 
micron. Therefore KP times W divided by L reduces to the 
model value called KP. Likewise IS, N, and TOX are set to 
values chosen to avoid other algorithm problems. Figure 20 
shows the PSpice® generated curve after the correct values 
of KP and VTO of model MOSMOD are chosen. 


Vps >> Ves 


SQRT (Ip) (A") 
@ 


Ves (V) 
FIGURE 20. SQUARE ROOT OF Ip 


STEP 2-Vro 


The threshold voltage is set by fixing the value of Vro 
Threshold voltage of a power MOSFET is usually measured 
in the saturated regime at a low current, typically 1mA. If the 
PSpice® model is run at 25°C with the gate and drain volt- 
age equal, a voltage will be found to yield 1mA drain current. 
Vto is this voltage reduced by the measured threshold volt- 
age. The value identified was 0.6 volts. 


STEP 3 - Rsource 


The straight line curve of Figure 20 is modified by a chosen 
value of Rsogurce in order to better fit the measured data for 
medium to high currents at 25°C. This is shown in Figure 21, 
where 2E-3 provided the best fit. 


SORT (Ip) (A"”) 


FIGURE 21. SQUARE ROOT OF Ip 
STEP 4 - Rorain 


Rprain is chosen to fix the PSpice® calculated Rosny 
value to the measured value at 25°C when the template is 
biased to the gate voltage and drain current of the specifica- 
tions. Do not use the specified maximum of Rpgon). The 
value developed was 3.07E-3. 


STEP 5 - MODEL RDSMOD (TC1 AND TC2) 


Rsource 2nd Rprain are assumed to have the same 
temperature coefficients. Although this is not accurate, it is 
convenient and is deemed to be sufficient for this purpose. If 
Rpsion) is measured as a function of temperature, best fit 
can be obtained by appropriately choosing TC1 and TC2 
values of 5.2E-3 and 1.37E-5. Rogion) iS shown in Figure 


Ty (°C) 
FIGURE 22. Rosion) Vs TEMPERATURE 
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STEP 6 - MODEL RVTOMOD (TC1 AND TC2) 


The plot of Figure 21 must be modified to add curves at low 
and high temperature. A temperature sensitive additive or 
subtractive voltage is placed in series with the gates of Mos1 
and Mos2 by use of Eyzo. A 1 volt drop equal to It times 
Ryto is canceled by a 1 volt supply, Vear and applied to 
Eyto- By choosing the values of TC1 and TC2 for model 
RVTOMOD, the voltage of Eyto is made temperature sensi- 
tive. The result is shown in Figure 23, where TC1 and TC2 
were chosen for best fit at -3.78E-3 and -7.51E-7. 


SQRT (Ip) (A"”) 


Ves (V) 
FIGURE 23. TRANSFER CHARACTERISTICS vs 
TEMPERATURE 


STEP 7 - Esreax 


Esreak derives a thermally variant voltage from the product 
of lr and Rereak equal to 1.00 volt at 25°C. When the drain 
voltage rises sufficiently, diode Dgreax provides a voltage 
clamp to Epreax. The value of the Egreax multiplier is equal 
to the low current value of BVpsg less the forward drop of 
Dsreakx: Fhe multiplier was set at 58.4 for the final model. 


STEP 8 - MODEL RBKMOD (TC1 AND TC2) 


The low current breakdown voltage of the MOSFET may be 
measured at several temperatures, such that TC1 and TC2 
may be determined for model RBKMOD. Figure 24 plots the 
low current breakdown voltage as a function of temperature 
as modeled with TC1 and TC2 equal to 9.5E-4 and -1.17E-6. 


FIGURE 24. BREAKDOWN vs TEMPERATURE 


STEP 9 - MODEL DBKMOD (RS, TRS1 AND TRS2) 


Although reliable data is difficult to obtain for the breakdown 
voltage at many tens of amperes, it can be done with a small 
inductive flyback circuit of very low duty cycle. RS of the 
diode Dgpeax May be determined at 25°C. TRS1 and TRS2 
may be determined with similar measurements at several 
temperatures. The curves of Figure 25 present the modelled 
behavior for RS, TRS1 and TRS2 equal to 8E-2, 2.5E-3, and 
0. 


10 30 50 70 
BVpss (V) 


FIGURE 25. BREAKDOWN vs TEMPERATURE 


STEP 10(a) - MODEL DBDMOD (IS, RS, TRS1 and TRS2) 


When operating Dgopy in the forward mode, one may 
develop IS and RS at 25°C assuming a diode ideality value 
of 1.0, the default value. Measurements at elevated current 
levels and several temperatures will define TRS1 and TRS2. 
Measurements are taken with Veg equal to zero. Figure 26 
presents the body diode forward characteristics for several 
temperatures where IS, RS, TRS1, and TRS2 are found to 
equal 2.23E-12, 2.28E-3, 2.98-E3, and 2.22E-12. 


mame 
A_ 


Vos (V) 
FIGURE 26. BODY DIODE CURVES 


STEP 10(b) - MODEL DBDMOD (CJO, TT) 


Coss minus Crass may be determined at 25 volts and 25°C. 
Then CJO is this value when adjusted to zero drain volts by 
the factor of the square root of (25+0.7) or 5.07. For the 
example this equals 7.55E-9. 
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In order to determine TT, equipment similar to the Bermar 
SM30 may be used. This equipment forces a forward body 
diode current (If) for a sufficiently long period of time, after 
which a linear amplifier with high current capability ramps 
the diode current off at a constant rate, di/dt. (Feedback 
control is used.) The diode current equals zero at time Tr, 
after the ramp off is initiated. The current continues to ramp, 
extracting charge from the diode, for an added time Ty. At 
this time, the constant ramp (di/dt) can no longer be main- 
tained and the reverse current has attained a maximum. TT 
may be solved [12] and entered using: 


TT = Ta/(1-exp(-(Tat+Tp)/TT)) 
The value of TT was determined to equal 4E-8. 
STEP 11 - Leate,s Lorain; Lsource: Raate 


LoatTe: LORAIN: Lsource: and Roate may be measured, 
estimated or calculated and entered. An approximation for 


the inductances in nH may be calculated using: 
L = (5)(length)(log,(4(length/diam))) nH 


where wire length and diameter are in inches [13]. Values of 
Lgate, Ldrain, Lsource, and Rgate were approximated at 
5E-9, 1E-9, 3E-9, and 1.2 for the final model. 


CAPACITANCES 


The capacitances are derived from the measured gate 
charge curve of Figure 27. They will require some iteration 
and some judgement calls as will be explained. 


V 


Ty = +25°C 
Ry = 0.6672 
Ig =3.44mA 
Vpp = 50V 


20 40 60 
TIME (us) 
FIGURE 27. GATE CHARGE CURVES 


STEP 12- Cy 


The value of Cjyy should be chosen for best fit to the solid line 
portion of the Vgs curve of Figure 27 labeled step 12. A 
value of 4.48E-9 was found to provide a good fit. 


STEP 13 - MODEL DPLCAPMOD (CJO) 


A feedback capacitor is modelled by using the junction 
capacitance of a reverse biased diode, Dp_carn as defined by 
model DPLCAPMOD. IS and N of model DPLCAPMOD were 
chosen to avoid undesired diode effects. CJO is chosen as 
2.14E-9 to best fit the solid line portion of the Vpg curve of 
Figure 27. 


STEP 14 - C,, MODELS S1AMOD and S1BMOD (VON 
and VOFF) 


The value of Ca, is chosen to be 8.98E-9 to best parallel the 
dotted line portion of the Ves curve of Figure 27 labelled 
step 14. 


In order to match the dotted line portion it may be necessary 
to increment VON and VOFF of both model S1AMOD and 
model SiBMOD. Note that all four values must be incre- 
mented by an identical amount before making a PSpice® 
run. This incremental change will vertically displace the 
slope provided by C,. The transition voltages of S1A and 
S1B must always be negative values. 


The sharpness of transition between the dashed line of step 
14 and the solid line of step 12 may be adjusted if necessary 
by changing the increment between VON and VOFF equally 
for both S1A and S1B. 


STEP 15 - Cs, MODELS S2AMOD and S2BMOD (VON 
and VOFF) 


The value of Cg is chosen to be 8.81E-9 to best parallel the 
solid line portion of the Ves curve of Figure 27 labelled step 
15, 


In order to match the solid line portion it may be necessary 
to increment VON and VOFF of both model S2AMOD and 
model S2BMOD. Note that all four values must be incre- 
mented by an identical amount before making a PSpice run. 
This increment change will horizontally displace the slope 
provided by Cz. 


The sharpness of transition between the solid line and the 
low voltage dotted line of the Vps curve may be adjusted if 
necessary by changing the increment between VON and 
VOFF equally for both S2A and S2B. It is recommended that 
this increment be small, of the order of several volts. 


STEP 16 - Rin 


Rin can be set to a very large value such as 1E15. However 
it is recommended that it be chosen low enough to cause 
10nA to flow at a gate bias of moderately high voltage, typi- 
cally 1E9 ohms. Rin functions to provide an initial gate refer- 
ence voltage near zero even though the Modeler may 
choose to drive the MOSFET from a current generator. 


EPILOGUE 


The final model is completed as shown in Table 3. One may 
iterate through the steps if desired, but it should not be nec- 
essary. Any changes made in the model outside of the 
above routine should be minimal, if at all. 


Anomalies 


Some commercially available power MOSFETs exhibit 
anomalous behavior which is not modelled in this work. 


THE VERTICAL JFET PROBLEM 


A vertical JFET type of structure exists in the VDMOS device 
used for the industry standard power MOSFET. Many works 
describe this portion of the device, including Wheatley, et al 
[14]. The N- lightly doped drain region reaches to the surface 
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of the silicon die, which is bounded by the P doped body. 
This region of N- is often called the neck of the MOSFET. As 
the breakdown voltage of the device is designed for increas- 
ing values, the depletion layer extends further within the 
neck laterally, for relatively low drain voltages. In this man- 
ner, the neck or vertical JFET becomes pinched off, causing 
the Rosion) to exhibit excess non-linearity with current. In 
addition an abrupt limiting of the drain current (at large val- 
ues of drain voltages) occurs for increasing values of gate 
voltage. This current limiting has a highly localized thermal 
assist constrained to the neck with time responses in the 
microsecond region. This anomaly may be suppressed by 
increasing the neck width and/or implanting a low dose of N 
type dopant into the neck, just below the surface. 


Devices of this type are not properly modelled. 
NON OHMIC CONTACT PROBLEMS 


Some commercially available devices exhibit a non-ohmic 
series contact resistance from the metallization to the sili- 
con. This seldom happens with present day devices, but, 
when present, it is most likely to occur from source metal to 
source silicon for N channel devices, and from drain metal to 
drain silicon for P channel devices. The effect is seen as a 
low current non-linearity in Rosjon) VS drain current for the 
former case and an excessive voltage drop for the body 
diode for the latter case. 


Devices of this type are not properly modelled. 


Conclusions 


An equivalent circuit model for power MOSFETs that is suit- 
able for use with PSpice® has been demonstrated. The 
model requires no modifications to the PSpice® algorithms. 
The model features global temperature representation from 
-55°C to 175°C for the first time. It addresses static and 
dynamic behavior over the normal circuit operating range of 
the device, including 1st and 3rd quadrant MOSFET opera- 
tion, high current avalanche breakdown operation, body 
diode stored charge effects, gate charge non-linearities, gate 
equivalent series resistance (ESR), and package induc- 
tances. Gate propagation delay is not modelled [15]. The 
sub-circuit is empirical in nature and the parameters may be 
readily extracted by use of terminal measurements. Experi- 
mental verification shows excellent agreement between 
measured and simulated results over the entire thermal, 
static, and dynamic regimes. 


Recommendations For Future Work 


A supporting program of algorithms should be written to 
address the parameter extraction effort. 


Accurate testing for characterization of power MOSFETs as 
a function of temperature is required. Studies should be 
made to identify and correct methods prone to testing error. 


PSpice® algorithms should be modified to refine and incor- 
porate many of the findings of this work into a new MOS 
level. 


If anew MOS level is formed, a modification should be made 
to the drain current equation in the linear regime to accom- 
modate the non-uniform channel surface concentration of 
the power MOSFET as described elsewhere. lf done, the 
MOSFET may be more closely modelled in the linear regime 
of the output characteristic curves and the third quadrant 
MOSFET regime. (See Figure 9 and Figure 19.) The 
authors suggest a user defined model value WH to be used 
in a multiplier which would be applied to Id in the linear 
regime such that: 
Multiplier = (1+WH*(1-Vps/(Ves-Vto))?) 

If the multiplier were applied to the MOSFET of Table 3, the 
1st and 3rd quadrant characteristics would be approximately 
as shown in Figure 28 for Ves = 5 volts. Here, WH is shown 
for values of 0, 1, and 2. The drain and source are in:ar- 
changed for Vps < 0, as is done in PSpice®. 


SATURATED 
REGIME 


T = +25°C 
KP = 78.6 
VTO = 3.48 
W=L=1E6 
Rsource = 0 
Rprain = 0 


Vps (V) 
FIGURE 28. THE WH ADJUSTMENT 


A value of zero for WH forces the multiplier to equal unity for 
all values of Vps, thereby retaining the original linear regime 
equation. Zero should be the default value. Any value of WH 
greater than 1 results in a negative output resistance and is 
unacceptable. Therfore WH is bounded by O and 1. 


If this multiplier option were offered, it would be extracted for 
the model MOSMOD between steps 3 and 4 of Table 2, 
probably requiring some iteration between WH and Rdrain. 
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Spice Model CKT File 


-SUBCKT RFD14NO05 213; REV 11/23/93 SPICE MODEL CKT FILE "D14N05.CIR" 

Term. Conn.**** DGS 
ef 
For further discussion of this PSPICE PowerFET macromodel consult 
A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options by William J. Hepp and C. Frank Wheatley 


+eeeeeeeHe HE * 


NOM TEMP=25 deg C 


£Heee ete eH + tH 


2 


Ca 12 8 6.62e-10 

Cb 15 14 6.53e-10 

Cin 6 8 5.297e-10 

Dbody 7 5 DBDMOD 

Dbreak 5 11 DBKMOD 

Dpicap 10 5 DPLCAPMOD 

Ebreak 11 7 17 18 66.5 

Eds 148581 

Egs 138681 

Esg 610681 

Escl 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1E6/45,7.0))} 
Evto 2061881 

It817 1 

Ldrain 2 5 1e-9 

Lgate 19 3.60e-9 

Lsource 3 7 3.25e-9 

Mos1 16 6 8 8 MOSMOD M=0.99 

Mos2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rdrain 5 16 ROSMOD 2.46e-3 

Rgate 9 20 4.53 

Rin 6 8 1e9 

Rscl1 551 RSLVCMOD 1¢e-6 

Rscl2 5 50 163 

Rsource 8 7 RDSMOD 42.4e-3 

Rvto 18 19 RVTOMOD 1 

Sia 6 12 13 8 S1AMOD 

Sib 13 12 13 8 SiBMOD 

S2a 6 15 14 13 S2CAMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

Vto 21 6 0.69 

.MODEL DBDMOD D (IS=1.30e-13 RS=1.03e-2 TRS1=1.95e-3 TRS2=-3.06e-6 +CJO=6.84e-10 TT=4.05e-8) 
.MODEL DBKMOD D (RS=3.89e-1 TRS1=1.38e-3 TRS2=-1.13e-6) 
-MODEL DPLCAPMOD D (CJO=1.94e-10 IS=1e-30 N=10) 

-MODEL MOSMOD NMOS (VTO=3.73 KP=9.32 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=1.06e-3 TC2=-1.226-6) 

-MODEL RDSMOD RES (TC1=5.80e-3 TC2=2.03e-5) 

-.MODEL RSLVCMOD RES (TC1=1.85e-3 TC2=-3.10-6) 

.MODEL RVTOMOD RES (TC1=-5.66e-3 TC2=-7.92e-6) 

-MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-5.02 VOFF=-3.00) 
.MODEL S1BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-3.00 VOFF=-5.02) 
-.MODEL S2AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-1.8 VOFF=3.2) 
.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=3.2 VOFF=-1.8) 
-ENDS 
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Spice Model CKT File 


.SUBCKT RFD16NO6LE 2 1 3 ; REV 8/2/93 SPICE MODEL CKT FILE "D16NO6LE.CIR" 
*Term. Conn, ****** D G S 


eee e ke ee Ke Kee Ke Hh KEK Ke Ke Ke KK Kh KKK KKK KE KK Hh Ke Hh He KKK HK KR eK Ker KK KK KE KEKE KK Kr Ke KKK 


For further discussion of this PSPICE PowerFET macromodel consult 
A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options by William J. Hepp and C. Frank Wheatley 

NOM TEMP = 25 deg C 

ze eweeenkeeeekeekekekeeeeeekeee ke ekekeekeekeeeekekekeekeeekeekekkeeekekekekekekekekekekekkk ek xk 

Ca 12 8 3.364e-9 

Cb 15 14 3.41e-9 

Cin 6 8 1.317e-9 

Dbody 7 5 DBDMOD 

Dbreak 5 11 DBKMOD 

Desd1 91 9 DESD1MOD 

Desd2 91 7 DESD2MOD 

Dpicap 10 5 DPLCAPMOD 

Ebreak 11 7 17 18 75.5 

Eds 148581 

Egs 138681 

Esg 610681 

Evto 206 1881 

It817 1 

Ldrain 2 5 1e-9 

Lgate 19 4.9e-9 

Lsource 3 7 4.9e-9 

Mos1 16 6 8 8 MOSMOD M=0.99 

Mos2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rdrain 50 16 ROSMOD 11.86e-3 

Rgate 9 20 2.52 

Rin 6 8 1e9 

Rscl1 551 RSLVCMOD 1e-6 

Rscl2 5 50 163 

Rsource 8 7 RDSMOD 26.0e-3 

Rvto 18 19 RVTOMOD 1 

Sia6 12 13 8 S1AMOD 

S1b 13 12 13 8 S1iBMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

Vto 2160.5 

Escl 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*166/93,7.6))} 

.MODEL DBDMOD D (IS=3.80e-13 RS=1.12e-2 TRS1=1.61e-3 TRS2=6.08e-6 +CJO=1.05e-9 TT=3.84e-8) 

.MODEL DBKMOD D (RS=1.44e-1 TRS1=6.59e-3 TRS2=9.7 16-6) 

.MODEL DESD1MOD D(BV=13.5 TVB1=0 TBV2=0 RS=48.0 TRS1=0 TRS2=0) 

-.MODEL DESD2MOD D(BV=10.24 TVB1=-8.6756e-4 TBV2=7.425e-7 RS=0 TRS1=0 TRS2=0) 

-.MODEL DPLCAPMOD D (CJO=5.59e-10 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=1.89 KP=113.0 IS=1e-30 N=10 TOX=1 L=1u W=1u) 

.MODEL RBKMOD RES (TC1=1.12e-3 TC2=-9.59e-7) 

.MODEL RDSMOD RES (TC1=4.98e-3 TC2=1.34e-5) 

.MODEL RSLVCMOD RES (TC1=1.75e-3 TC2=3.75e-6) 

-.MODEL RVTOMOD RES (TC1=-1.86e-3 TC2=-3.63e-6) 

-MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-3.85 VOFF=-1.85) 

-MODEL S1BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-1.85 VOFF=-3.85) 

-MODEL S2AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-2.34 VOFF=2.76 ) 

-MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=2.76 VOFF=-2.34) 

.ENDS 


+4240 4 tH H 
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Spice Model CKT File 


.SUBCKT RFD7N10LE 2 1 3; REV 6/2/93 SPICE MODEL CKT FILE "D7N10LE.CIR" 
*Term. Conn.***** DGS 


i 
* 


For further discussion of this PSPICE PowerFET macromodel consult 
A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options by William J. Hepp and C. Frank Wheatley 
NOM TEMP = 25 deg C 


+e tee ee 2S 
422 ¢42 eee 24 4 


eek eewe keke ae kee we ewe He eK Hr Kr Or OKO HOKU KOO KOKO KOK KEE KK Ke KE KEK KOU KC KO HKU KE OK hh KOK Ke HOOK Ke KKK Ke Ke Ke Ke Ke 


Ca 12 8 1.102e-9 

Cb 15 14 1.157e-9 

Cin 6 8 0.370e-9 

Dbody 7 5 DBDMOD 

Dbreak 5 11 DBKMOD 

Desd1 91 9 DESD1MOD 

Desd2 91 7 DESD1MOD 

Dpicap 10 5 DPLCAPMOD 

Ebreak 11 7 17 18 115.8 

Eds 148581 

Egs 138681 

Esg6 10681 

Evto 206 188 1 

It817 1 

Ldrain 25 1e-9 

Lgate 1 9 3.58e-9 

Lsource 3 7 3.826-9 

Mos1 16 6 8 8 MOSMOD M=0.99 

Mos2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rdrain 50 16 ROSMOD 136.9e-3 

Rgate 9 20 7.61 

Rin 6 8 1e9 

Rscl1 551 RSCLVMOD 1¢e-6 

Rscl2 5 50 163 

Rsource 8 7 RDSMOD 84.4e-3 

Rvto 18 19 RVTOMOD 1 

Sia6 12138 S1AMOD 

Sib 13 12 13 8 S1BMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

Vto 21 6 0.444 

Escl 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/( 15.5),7.25))} 
-MODEL DBDMOD D (IS=5.07e-14 RS=1.37e-2 TRS1=1.72e-3 TRS2=-1.596-6 +CJO=2.57e-10 TT=3.84e-8) 
.MODEL DBKMOD D (RS=2.32e-1 TRS1=6.50e-4 TRS2=1.72e-6) 

MODEL DESD1MOD D(BV=14.0 TVB1=0 TBV2=0 RS=0 TRS1=0 TRS2=0) 
MODEL DESD2MOD D(BV=12.5 TVB1=0 TBV2=0 RS=0 TRS1=0 TRS2=0) 
.MODEL DPLCAPMOD D (CJO=1.84e-8 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=2.045 KP=14.07 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=1.13e-3 TC2=4.74e-8) 

.MODEL RDSMOD RES (TC1=7.45e-3 TC2=2.68e-5) 

.MODEL RSCLVMOD RES (TC1=1.75e-3 TC2=0) 

.MODEL RVTOMOD RES (TC1=-2.73e-3 TC2=-5.46e-6) 

-MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-4.35 VOFF=-1.75) 
-.MODEL S1BMOD VSWITCH(RON=16-5 ROFF=0.1 VON=-1.75 VOFF=-4.35) 
.MODEL S2AMOD VSWITCH(RON=16-5 ROFF=0.1 VON=-1.75 VOFF=3.50) 
.MODEL S2BMOD VSWITCH(RON=16-5 ROFF=0.1 VON=3.50 VOFF=-1.75) 
-ENDS 
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Spice Model CKT File 


.SUBCKT RFP10PO3L 2 13 ; REV 11/6/92 SPICE CKT MODEL FILE "P10P03L.CIR" 
*Term. Conn.***** DGS 


a 


For further discussion of this PSPICE PowerFET macromodel consult 
A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options by William J. Hepp and C. Frank Wheatley 
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NOM TEMP = 25 deg C 
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Ca 12 8 1.426-9 

Cb 15 14 1.3e-9 

Cin 6 8 6.7e-8 

Dbody 5 7 DBDMOD 

Dbreak 7 11 DBKMOD 

Dpicap 10 6 DPLCAPMOD 

Ebreak 5 11 17 18 -51.9 

Eds 148581 

Egs 138681 

Esg 510861 

Evto 2061881 

It817 1 

Mos1 16 6 8 8 MOSMOD M=0.99 

Mos2 16 21 8 8 MOSMOD M=0.01 

Lgate 1 9 8.7e-12 

Ldrain 2 5 1e-9 

Lsource 3 7 7.6e-9 

Rbreak 17 18 RBKMOD 1 

Rdrain 5 16 RDSMOD 79.08e-3 

Rgate 9 20 12.25 

Rin 6 8 1e9 

Rsource 8 7 RDSMOD 27.49e-3 

Rvto 18 19 RVTMOD 1 

Sia6 12 13 8 S1AMOD 

Sib 13 12 13 8 SiBMOD 

S2a 6 15 14 13 SZAMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

Vto 21 6 -0.50 

.MODEL DBDMOD D (IS=1.14e-13 RS=2.86e-2 TRS1=6.29e-4 TRS2=-2.76e-6 +CJO=8.55e-10 TT=3.84e-8) 
.MODEL DBKMOD D (RS=3.32e-1 TRS1=5.50e-3 TRS2=-5.38e-5) 

.MODEL DPLCAPMOD D (CJO=4.3e-8 IS=1e-30 N=10) 

-MODEL MOSMOD PMOS (VTO=-2.01 KP=5.3105 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
-MODEL RBKMOD RES (TC1=6.07e-4 TC2=3.30e-6) 

.MODEL RDSMOD RES (TC1=3.486-3 TC2=8.83¢-6) 

.MODEL RVTMOD RES (TC1=-1.51e-3 TC2=8.74e-7) 

.MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=4.42 VOFF=2.42) 
.MODEL S1BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=2.42 VOFF=4.42) 
-MODEL S2AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=1.43 VOFF=-3.57) 
-MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-3.57 VOFF=1.43) 
.ENDS 
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.SUBCKT RFPSONO6LE 2 1 3 ; REV 6/2/93 SPICE MODEL CKT FILE "P30NO6LE.CIR" 
*Term. Conn.****** DGS 
a eZ 


For further discussion of this PSPICE PowerFET macromodel consult 
A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options by William J. Hepp and C. Frank Wheatley 
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Ca 12 8 3.34e-9 

Cb 15 14 3.44e-9 

Cin 6 8 1.343e-9 

Dbody 7 5 DBDMOD 

Dbreak 5 11 DBKMOD 

Desd1 91 9 DESD1MOD 

Desd2 91 7 DESD2MOD 

Dpicap 10 5 DPLCAPMOD 

Ebreak 11 7 17 18 75.39 

Eds 148581 

Egs 13868 1 

Esg6 10681 

Evto 206 188 1 

It8171 

Ldrain 2 5 16-9 

Lgate 1 9 7.22e-9 

Lsource 3 7 6.31e-9 

Mos1 16 6 8 8 MOSMOD M=0.99 

Mos2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rdrain 50 16 RDOSMOD 11.86e-3 

Rgate 9 20 2.52 

Rin 6 8 169 

Rscli 551 RSLVCMOD 1e-6 

Rscl2 5 50 163 

Rsource 8 7 RDSMOD 26.6e-3 

Rvto 18 19 RVTOMOD 1 

Sia6 12 13 8 S1AMOD 

Sib 13 12 13 8 SiBMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 138 S2BMOD 

Vbat 8 19 DC 1 

Vto 2160.5 

Escl 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)* 166/89, 7))} 
.MODEL DBDMOD D (IS=3.80e-13 RS=1.12e-2 TRS1=1.616e-3 TRS2=6.08e-6 +CJO=1.05e-9 TT=3.84e-8) 
.MODEL DBKMOD D (RS=1.82e-1 TRS1=7.506-3 TRS2=-4.06-5) 

.MODEL DESD1MOD D(BV=13.54 TVB1=0 TBV2=0 RS=45.5 TRS1=0 TRS2=0) 
.MODEL DESD2MOD D(BV=11.46 TVB1=-7.576e-4 TBV2=-3.0e-6 RS=0 TRS1=0 TRS2=0) 
.MODEL DPLCAPMOD D (CJO=0.5916-9 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=1.94 KP=139.2 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=1.07e-3 TC2=-3.03e-7) 

.MODEL RDSMOD RES (TC1=5.38e-3 TC2=1.64e-5) 

.MODEL RSLVCMOD RES (TC1=1.75e-3 TC2=3.90e-6) 

.MODEL RVTOMOD RES (TC1=-2.15e-3 TC2=-5.43e-6) 

.MODEL S1AMOD VSWITCH(RON=16-5 ROFF=0.1 VON=-4.05 VOFF=-1.50) 
.MODEL S1BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-1.50 VOFF=-4.05) 
.MODEL S2AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-2.20 VOFF=2.80 ) 
.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=2.80 VOFF=-2.20) 
.ENDS 
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Spice Model CKT File 


.SUBCKT RFP3055 2 13; REV 10/26/93 SPICE MODEL CKT FILE "P3055.CIR" 
*Term. Conn.*** DGS 


i 


For further discussion of this PSPICE PowerFET macromodel consult 
A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options by William J. Hepp and C. Frank Wheatley 
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NOM TEMP = 25 deg C 

Sr 2 
Ca 12 8 0.54e-9 

Cb 15 14 0.54e-9 

Cin 6 8 0.30e-9 

Dbody 7 5 DBBDMOD 

Dbreak 5 11 DBKMOD 

Dplcap 10 5 DPLCAPMOD 

Ebreak 11 7 17 18 67.9 

Eds 148581 

Egs 138681 

Esg 610681 

Escl 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1E6/30,6.5))} 

Evto 206 18 8 1 

It8 17 1 

Ldrain 2 5 1e-9 

Lgate 19 4.61e-9 

Lsource 3 7 4.61e-9 

Mos1 16 6 8 8 MOSMOD M=0.99 

Mos2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rdrain 5 16 RDSMOD 1.0e-4 

Rgate 9 20 7.23 

Rin 6 8 1e9 

Rscli 551 RSLVCMOD 1e-6 

Rscl2 5 50 1e3 

Rsource 8 7 RDSMOD 108e-3 

Rvto 18 19 RVTOMOD 1 

Sia6 12 13 8 S1AMOD 

Sib 13 12 13 8 SiBMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2CBMOD 

Vbat 8 19 DC 1 Vto 2160.5 

-MODEL DBDMOD D (IS=4.33e-14 RS=2.78e-2 TRS1=1.10e-3 TRS2=5.19e-6 +CJO=3.94e-10 TT=7.63e-8) 
.MODEL DBKMOD D (RS=0.676e-1 TRS1=1.94e-3 TRS2=-1.09e-6) 

-MODEL DPLCAPMOD D (CJO=0.283¢e-9 IS=1e-30 N=10) 

-MODEL MOSMOD NMOS (VTO=4.078 KP=12 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
-MODEL RBKMOD RES (TC1=1.06e-3 TC2=-1.926-6) 

.MODEL RDSMOD RES (TC1=5.03e-3 TC2=1.53e-5) 

-MODEL RSLVCMOD RES (TC1=2.2E-3 TC2=-5E-6) 

.MODEL RVTOMOD RES (TC1=-5.02e-3 TC2=-9.16e6-6) 

MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-6.50 VOFF=-3.50) 
-MODEL S1BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-3.50 VOFF=-6.50) 
-MODEL S2AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-2.5 VOFF=2.5) 
MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=2.5 VOFF=-2.5) 
.ENDS 
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Spice Model CKT File 


.SUBCKT RFP45N06 2 1 3; REV 1/18/93 SPICE MODEL CKT FILE "P45N06.CIR" 
*Term. Conn.**** DGS 
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For further discussion of this PSPICE PowerFET macromodel consult 
A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options by William J. Hepp and C. Frank Wheatley 

NOM TEMP = 25 deg C 

we weekeekeekekeekekeeevekeeeeeveewe ewe kweeeeeke eee eee e kek keeekeeeekekeekekekekekenkeeeeekenkkkk kk 

Ca 12 8 3.49e-9 

Cb 15 14 3.80e-9 

Cin 6 8 2.00e-9 

Dbody 7 5 DBDMOD 

Dbreak 5 11 DBKMOD 

Dpicap 10 5 DPLCAPMOD 

Ebreak 11 7 17 18 66.5 

Eds 148581 

Egs 138681 

Esg 610681 

Evto 2061881 

t8171 

Ldrain 2 5 16-9 

Lgate 1 9 5.65e-9 

Lsource 3 7 4.13e-9 

Mos1 16 6 8 8 MOSMOD M=0.99 

Mos2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rdrain 5 16 RDSMOD 3.58¢e-3 

Rgate 9 20 0.681 

Rin 6 8 1e9 

Rsource 8 7 RDSMOD 13.6e-3 

Rvto 18 19 RVTOMOD 1 

Sia 6 12 13 8 S1AMOD 

S1b 13 12 13 8 S1iBMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

Vto 21 6 0.920 

.MODEL DBDMOD D (IS=8.2e-13 RS=7.86e-3 TRS 1=2.26e-3 TRS2=2.90e-6 +CJO=2.076-9 TT=5.726-8) 

.MODEL DBKMOD D (RS=1.93e-1 TRS1=5.13e-4 TRS2=-2.15e-5) 

-MODEL DPLCAPMOD D (CJO=1.25e-9 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=3.862 KP=55.57 IS=1e-30 N=10 TOX=1 L=1u W=1u) 

-MODEL RBKMOD RES (TC1=1.12e-3 TC2=-5.18e-7) 

.MODEL RDSMOD RES (TC1=4.64e-3 TC2=1.58e-5) 

.MODEL RVTOMOD RES (TC1=-4.27e-3 TC2=-6.55e-6) 

.MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-6.50 VOFF=-1.70) 

-MODEL S1BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-1.70 VOFF=-6.50) 

-MODEL S2AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-3.0 VOFF=2.0) 

.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=2.0 VOFF=-3.0) 

ENDS 
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Spice Model CKT File 


.SUBCKT RFP50N06 2 1 3 ; REV 2/22/93 SPICE MODEL CKT FILE "P50NO06.CIR" 
*Term. Conn.**** DGS 


Ce 


For further discussion of this PSPICE PowerFET macromodel consult 
A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options by William J. Hepp and C. Frank Wheatley 
NOM TEMP = 25 deg C 
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Ca 12 8 3.68e-9 

Cb 15 14 3.625e-9 

Cin 6 8 1.986e-9 

Dbody 7 5 DBDMOD 

Dbreak 5 11 DBKMOD 

Dpicap 10 5 DPLCAPMOD 

Ebreak 11 7 17 18 64.59 

Eds 148581 

Egs 13868 1 

Esg6 10681 

Evto 206 18 8 1 

It817 1 

Ldrain 2 5 1e-9 

Lgate 1 9 5.65e-9 

Lsource 3 7 4.13e-9 

Mos1 16 6 8 8 MOSMOD M=0.99 

Mos2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rdrain 5 16 ROSMOD 1.00e-4 

Rgate 9 20 0.690 

Rin 6 8 1e9 

Rsource 8 7 RDSMOD 12.0e-3 

Rvto 18 19 RVTOMOD 1 

Sia6 12 13 8 S1AMOD 

Sib 13 12 13 8 S1iBMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

Vto 21 6 0.678 

.MODEL DBDMOD D (!S=9.851e-13 RS=4.91e-3 TRS1=2.07e-3 TRS2=2.51e-7 +CJO=2.05e-9 TT=4.33e-8) 
-MODEL DBKMOD D (RS=1.98e-1 TRS1=-2.35e-3 TRS2=-3.83e-6) 
-MODEL DPLCAPMOD D (CJO=1.42e-9 IS=1e-30 N=10) 

-.MODEL MOSMOD NMOS (VTO=3.65 KP=35 IS=1e-30 N=10 TOX=1 L=1u W=1u) 
-MODEL RBKMOD RES (TC1=1.23e-3 TC2=-2.34e-6) 

.MODEL RDSMOD RES (TC1=5.016e-3 TC2=1.49e-5) 

-MODEL RVTOMOD RES (TC1=-5.03e-3 TC2=-5.16e-6) 

-.MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-6.75 VOFF=-2.50) 
-MODEL S1BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-2.50 VOFF=-6.75) 
-MODEL S2AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-2.7 VOFF=2.3) 
.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=2.3 VOFF=-2.7) 
-ENDS 
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UNDERSTANDING POWER MOSFETs 


Author: Tom McNulty 


Power MOSFETs (Metal Oxide Semiconductor, Field Effect 
Transistors) differ from bipolar transistors in operating 
principles, specifications, and performance. In fact, the 
performance characteristics of MOSFETs are generally 
superior to those of bipolar transistors: significantly faster 
switching time, simpler drive circuitry, the absence of a 
second-breakdown failure mechanism, the ability to be 
paralleled, and stable gain and response time over a wide 
temperature range. This note provides a basic explanation of 
general MOSFET characteristics, and a more thorough 
discussion of structure, thermal characteristics, gate 
parameters, operating frequency, output characteristics, and 
drive requirements. 


General Characteristics 


A conventional n-p-n bipolar power transistor is a current- 
driven device whose three terminals (base, emitter, and 
collector) are connected to the body by silicon contacts. 
Bipolar transistors are described as minority-carrier devices 
in which injected minority carriers recombine with majority 
carriers. A drawback of recombination is that it limits the 
device's operating speed. And because of its current-driven 
base-emitter input, a bipolar transistor present a low-imped- 
ance load to its driving circuit. In most power circuits, this 
low-impedance input requires somewhat complex drive 
Circuitry. 


By contrast, a power MOSFET is a voltage-driven device 
whose gate terminal, Figure 1(a), is electrically isolated from 
its silicon body by a thin layer of silicon dioxide (SiOz). As a 
majority-carrier semiconductor, the MOSFET operates at 
much higher speed than its bipolar counterpart because 
there is no charge-storage mechanism. A positive voltage 
applied to the gate of an n-type MOSFET creates an electric 
field in the channel region beneath the gate; that is, the 
electric charge on the gate causes the p-region beneath the 
gate to convert to an n-type region, as shown in Figure 1(b). 
This conversion, called the surface-inversion phenomenon, 
allows current to flow between the drain and source through 
an n-type material. In effect, the MOSFET ceases to be an 
n-p-n device when in this state. The region between the 
drain and source can be represented as a resistor, although 
it does not behave linearly, as a conventional resistor would. 
Because of this surface-inversion phenomenon, then, the 
operation of a MOSFET is entirely different from that of a 
bipolar transistor, which always retain its n-p-n characteristic. 


By virtue of its electrically-isolated gate, a MOSFET is 
described as a high-input impedance, voltage-controlled 
device, whereas a bipolar transistor is a low-input-imped- 
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ance, current-controlled device. As a maijority-carrier 
semiconductor, a MOSFET stores no charge, and so can 
switch faster than a bipolar device. Majority-carrier semicon- 
ductors also tend to slow down as temperature increases. 
This effect, brought about by another phenomenon called 
carrier mobility (where mobility is a term that defines the 
average velocity of a carrier in terms of the electrical field 
imposed on it) makes a MOSFET more resistive at elevated 
temperatures, and much more immune to the thermal- 
runaway problem experienced by bipolar devices. 


A useful by-product of the MOSFET process is the internal 
parasitic diode formed between source and drain, Figure 
1(c). (There is no equivalent for this diode in a bipolar 
transistor other than in a bipolar darlington transistor.) Its 
characteristics make it useful as a clamp diode in inductive- 
load switching. 


ALUM SOURCE GATE p CONVERTED 


TO n CHANNEL 


FIGURE 1. THE MOSFET, A VOLTAGE-CONTROLLED DEVICE 
WITH AN ELECTRICALLY ISOLATED GATE, USES 
MAJORITY CARRIERS TO MOVE CURRENT FROM 
SOURCE TO DRAIN (A). THE KEY TO MOSFET 
OPERATION IS THE CREATION OF THE INVER- 
SION CHANNEL BENEATH THE GATE WHEN AN 
ELECTRIC CHARGE IS APPLIED TO THE GATE 
(B). BECAUSE OF THE MOSFETs CONSTRUC- 
TION, AN INTEGRAL DIODE IS FORMED ON THE 
DEVICE (C), AND THE DESIGNER CAN USE THIS 
DIODE FOR A NUMBER OF CIRCUIT FUNCTIONS. 
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Structure 


Harris Power MOSFETs are manufactured using a vertical 
double-diffused process, called VDMOS or simply DMOS. A 
DMOS MOSFET is a single silicon chip structured with a 
large number of closely packed, hexagonal cells. The 
number of cell varies according to the dimensions of the 
chip. For example, a 120-mil? chip contains about 5,000 
cells; a 240-mil? chip has more than 25,000 cells. 


One of the aims of multiple-cells construction is to minimize 
the MOSFET parameter rpsyon), Or resistance from drain to 
source, when the device is in the on-state. When rpsiony IS 
minimized, the device provides superior power-switching 
performance because the voltage drop from drain to source 
is also minimized for a given value of drain-to-source current. 


Since the path between drain and source is essentially 
resistive, because of the surface-inversion phenomenon, 
each cell in the device can be assumed to contribute an 
amount, Ry, to the total resistance. An individual cell has a 
fairly low resistance, but to minimize rpgion), it is necessary 
to put a large number of cells in parallel on a chip. In general, 
therefore, the greater the number of paralleled cells on a 
chip, the lower its fps(ony value: 


DS(ON) = RAN, where N is the number of cells. 
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FIGURE 2. THE DRAIN-TO-SOURCE RESISTANCE (rpsjony OF 
A MOSFET IS NOT ONE BUT THREE SEPARATE 
RESISTANCE COMPONENTS) 


TABLE 1. PERCENTAGE RESISTANCE COMPONENTS FORA 
TYPICAL CHIP 


In reality, fps(on) is composed of three separate resistances. 
Figure 2 shows a curve of the three resistive components for 
a single cell and their contributions to the overall value of 
Tps(on): The value of tpgiony at any point of the curve is 
found by adding the values of the three components at that 
point: 


Fos(on) = Reurk + Ronan + Rext 


where Ronan represents the resistance of the channel 
beneath the gate, and Rex includes all resistances resulting 
from the substrate, solder connections, leads, and the 
package. Rey_Kx represents the resistance resulting from the 
narrow neck of n material between the two players, as 
shown in Figure 1(a), plus the resistance of the current path 
below the neck and through the body of the device to the 
drain. 


Note in Figure 2 that Rowan and Reytz are completely inde- 
pendent of voltage, while Reurx is highly dependent on 
applied voltage. Note also that below about 150 volts, 
'ps(oNn) is dominated by the sum of Royan and R_ex7. Above 
150 volts, fpgony is increasingly dominated by Rey_K. Table 
1 gives a percentage breakdown of the contribution of each 
resistance for three values of voltage. 


Two conclusions, inherent consequences of the laws of 
semiconductor physics, and valid for any DMOS device, can 
be drawn from the preceding discussion: First, psn) 
obviously increases with increasing breakdown-voltage 
Capability of a MOSFET. Second, minimum [pgon) 
performance must be sacrificed if the MOSFET must with- 
stand ever-higher breakdown voltages. 


The significance of Reutx in devices with a high voltage 
capability is due to the fact that thick, lightly doped epi layers 
are required for the drain region in order to avoid producing 
high electric fields (and premature breakdown) within the 
device. And as the epi layers are made thicker and more 
resistive to support high voltages, the bulk component of 
resistance rapidly increases (see Figure 2) and begins to 
dominate the channel and external resistance. The tpgon) 
therefore, increases with increasing breakdown voltage 
capability, and low rps(on) Must be sacrificed if the MOSFET 
is to withstand even higher breakdown voltages. 


There is a way around these obstacles. The fpgiony in Figure 
2 holds only for a relatively small chip. Using a larger chip 
results in a lower value for fpgiqny because a large chip has 
more cells (See Figure 3). A larger chip also increases 
MOSFET breakdown voltage capability. 


The penalty for using a larger chip, however, is an increase 
in cost, since chip size is a major cost factor. And because 
chip area increases exponentially, not linearly, with voltage, 
the additional cost can be substantial. For example, to obtain 
@ given Ipson) at a breakdown voltage twice as great as the 
Original, the new chip requires an area four or five times 
larger than the original. Although the cost does not rise 
exponentially, it is substantially more than the original cost. 
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SMALLEST 
CHIP 


Fpscon) (2) 
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0 100 200 300 400 500 600 
Bypss (V) 
FIGURE 3. AS CHIP SIZE INCREASES, I'Ds(ON) DECREASES, & 
VOLTAGE HANDLING CAPABILITY INCREASES 


Effects of Temperature 


The high operating temperatures of bipolar transistors area 
frequent cause of failure. The high temperatures are caused 
by hot-spotting, the tendency of current in a bipolar device to 
concentrate in areas around the emitter. Unchecked, this 
hot-spotting results in the mechanism of thermal runaway, 
and eventual destruction of the device. MOSFETs do not 
suffer this disadvantage because their current flow is in the 
form of majority carriers. The mobility of majority carriers 
(where, again, mobility is a term that defines the average 
velocity of a carrier in terms of the electrical field imposed on 
it) is temperature dependent in silicon: mobility decreases 
with increasing temperature. This inverse relationship 
dictates that the carriers slowdown as the chip gets hotter. In 
effect, the resistance of the silicon path is increased, which 
prevents the concentrations of current that lead to hot spots. 
In fact, if hot spots do attempt to form in a MOSFET, the local 
resistance increases and defocuses or spreads out the 
current, rerouting it to cooler portions of the chip. 


Because of the character of its current flow, a MOSFET has 
a positive temperature coefficient of resistance, as shown by 
the curves of Figure 4. 
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JUNCTION TEMPERATURE - Ty (°C) 


FIGURE 4. MOSFETs HAVE A POSITIVE TEMPERATURE CO- 
EFFICIENT OF RESISTANCE, WHICH GREATLY 
REDUCES THE POSSIBILITY OF THERMAL RUN- 
AWAY AS TEMPERATURE INCREASES 


The positive temperature coefficient of resistance means 
that a MOSFET is inherently stable with temperature 
fluctuation, and provides its own protection against thermal 
runaway and second breakdown. Another benefit of this 
characteristic is that MOSFETs can be operated in parallel 
without fear that one device will rob current from the others. 
If any device begins to overheat, its resistance will increase, 
and its current will be directed away to cooler chips. 


Gate Parameters 


To permit the flow of drain-to-source current in an n-type 
MOSFET, a positive voltage must be applied between the 
gate and source terminals. Since, as described above, the 
gate is electrically isolated from the body of the device, 
theoretically no current can flow from the driving source into 
the gate. In reality, however, a very small current, in the 
range of tens of nanoamperes, does flow, and is identified on 
data sheets as a leakage current, Igsg. Because the gate 
current is so small, the input impedance of a MOSFET is 
extremely high (in the megohm range) and, in fact, is largely 
capacitive rather than resistive (because of the isolation of 
the gate terminal). 


Figure 5 illustrates the basic input circuit of a MOSFET. The 
elements are equivalent, rather than physical, resistance, R, 
and capacitance, C. The capacitance, called Cisgg on 
MOSFET data sheets, is a combination of the device's 
internal gate-to-source and gate-to-drain capacitance. The 
resistance, R, represents the resistance of the material in 
the gate circuit. Together, the equivalent R and C of the input 
circuit determine the upper frequency limit of MOSFET 
operation. 


FIGURE 5. A MOSFETs SWITCHING SPEED IS DETERMINED 
BY ITS INPUT RESISTANCE R AND ITS INPUT 
CAPACITANCE Cig 


Operating Frequency 


Most DMOS processes develop the polysilicon gate 
structure rather than the older metal-gate type. If the 
resistance of the gate structure (R in Figure 5) is high, the 
switching time of the DMOS device is increased, thereby 
reducing its upper operating frequency. Compared to a metal 
gate, a polysilicon gate has a higher gate resistance. This 
property accounts for the frequent use of metal-gate 
MOSFET in high-frequency (greater than 20MHz) 
applications, and polysilicon-gate MOSFETs in higher-power 
but lower-frequency systems. 


Since the frequency response of a MOSFET is controlled by 
the effective R and C of its gate terminal, a rough estimate 
can be made of the upper operating frequency from 
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datasheet parameters. The resistive portion depends on the 
sheet resistance of the polysilicon-gate overlay structure, a 
value of approximately 20W/U. But whereas the total R 
value is not found on datasheets, the C value (Cjss) is; it is 
recorded as both a maximum value and in graphical form as 
a function of drain-to-source voltage. The value of Cisg is 
closely related to chip size; the larger the chip, the greater 
the value. Since the RC combination of the input circuit must 
be charged and discharged by the driving circuit, and since 
the capacitance dominates, larger chips will have slower 
switching times than smaller chips, and are, therefore, more 
useful in lower-frequency circuits. In general, the upper 
frequency limit of most power MOSFETs spans a fairly broad 
range, from 1MHz to 10MHz. 


Output Characteristics 


Probably the most used MOSFET graphical data is the 
output characteristics or plot of drain-to-source voltage (Vps) 
as a function of drain-to-source current (Ip). A typical 
characteristic, shown in Figure 6, gives the drain current that 
flows at various Vpg values as a function of the gate-to- 
source voltage (gs). The curve is divided into two regions: a 
linear region in which Vpg is small and drain current 
increases linearly with drain voltage, and a saturated region 
in which increasing drain voltage has no effect on drain 
current (the device acts as a constant-current source). The 
current level at which the linear portion of the curve joins 
with the saturated portion is called the pinch-off region. 


Drive Requirements 


When considering the Ves level required to operate a 
MOSFET, note, from Figure 6, that the device is not turned 
on (no drain current flows) unless Vgs is greater than a 
ceitain level (called the threshold voltage). In other words, 
the threshold voltage must be exceeded before an apprecia- 
ble increase in drain current can be expected. Generally Ves 
for many types of DMOS devices is at least 2V. This is an 
important consideration when selecting devices or designing 
Circuits to drive a MOSFET gate: the gate-drive circuit must 
provide at least the threshold-voltage level, but preferably, a 
much higher one. 


As Figure 6 shows, a MOSFET must be driven by a fairly 
high voltage, on the order of 10V, to ensure maximum 
saturated drain-current flow. However, integrated circuits, 
such as TTL types, cannot deliver the necessary voltage 
levels unless they are modified with external pull-up 
resistors. Even with a pull-up to 5V, a TTL driver cannot fully 
saturate most MOSFETs. Thus, TTL drivers are most 
suitable when the current to be switched is far less than the 
rated current of the MOSFET. CMOS ICs can run from 
supplies of IOV, and these devices are capable of driving a 
MOSFET into full saturation. On the other hand, a CMOS 
driver will not switch the MOSFET gate circuit as fast as a 
TTL driver. The best results, whether TTL or CMOS ICs 
provide the drive, are achieved when special buffering chips 
are inserted between the IC output and gate input to match 
the needs of the MOSFET gate. 


PULSE TEST 
PULSE DURATION = 80uS 
DUTY CYCLE < 2% 


To = +25°C 


Vg =6V 


DRAIN CURRENT - Ip (A) 


DRAIN-TO-SOURCE VOLTAGE - Vpg (V) 


FIGURE 6. MOSFETs REQUIRE A HIGH INPUT VOLTAGE (AT 
LEAST 10V) IN ORDER TO DELIVER THEIR FULL 
RATED DRAIN CURRENT 
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SWITCHING WAVEFORMS OF THE L?FET: 
A 5 VOLT GATE-DRIVE POWER MOSFET 


Author: C. Frank Wheatley, Jr. and Harold R. Ronan, Jr. 


The switching waveforms of a newly announced series of 
power MOSFET devices called Logic Level FETs (L2FETs) 
and featuring a 5V gate drive are presented and contrasted 
with those of the more conventional 10V gate drive devices. 
A new method of characterizing MOSFET switching perfor- 
mance is discussed in which the MOSFET is treated as a 
vertical JFET driven in cascade from a low voltage lateral 
MOS. The 2:1 advantage in rise and fall time and the 4:1 
reduction in switching “dynamic V sary” dissipation with con- 
stant drive power of the L?FET over the 10V MOSFET are 
demonstrated and discussed 


Background 


A new series of power MOSFET devices called Logic Level 
FETs, or L?FETs, is compatible with the 5V power supply 
used for logic circuitry. L?FETs retain the on resistance, 
drain current, and blocking voltage ratings of their 10V pre- 
decessors, but operate from a much less costly 5V supply. 


The reduction in gate drive voltage is the result of halving the 
thickness of the gate insulator from the industry standard 
100nm to 50nm (500A). Since the surface inversion of the 
MOS channel is determined by the gate insulator voltage 
field, halving the insulator thickness halves the applied gate 
voltage without compromising drain characteristics. 


The apparent conclusion from a study of the switching wave- 
forms of the new device that halving the gate oxide thickness 
would double the gate capacitance and halve the switching 
speed does not prove true. Measurements demonstrate 
empirically a 2:1 increase in switching speed for the L?FET 
over its 100nm predecessor, where gate drive power is the 
same for both devices. The “dynamic Vigary” dissipation is 
lowered by a factor of four. The apparent anomalies are 
explained with the aid of a new method of switching charac- 
terization developed by treating the power MOSFET as a 
grounded gate, depletion mode, vertical JFET driven in cas- 
cade by a grounded source, enhancement mode, lateral 
MOS. The waveforms and switching characterization meth- 
ods are described in detail below. 


L?FET Characteristics Compared to Standard Types - 
A Brief Review 


Thirty-two different power MOSFETs of the L?FET structure 
have been announced. These devices were designed to be 
totally interchangeable with the standard power MOSFET 
with respect to output characteristics, while offering twice the 
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gate sensitivity, as shown in Figures 1, 2, and 3, which are 
comparisons of the industry standard RFM10N15 with its 
Logic Level FET counterpart, the RFM10N15L. (Although 
the L suffix notation in the type number will ultimately be 
valid for the entire product matrix, the L?FET product cur- 
rently available is limited to n-channel devices handling 200V 
or less, with 15A ratings or less.) 
0 

‘ Vg = 9(4.5)V 

—~<— Vg = 6(3)V 


RFM10N15 
RFM10N15L 


Vg = 5(2.5)V 


an 


> 


Vg = 4(2)V 


DRAIN CURRENT (Ip) (A) 


% 


30 60 90 120 150 
DRAIN VOLTAGE (Vp) (V) 


FIGURE 1. DRAIN CURRENT vs. DRAIN VOLTAGE CURVES 
FOR REPRESENTATIVE STANDARD AND L?FET 
DEVICES 


RFM10N15 
RFM10N15L 


Vg = 9(4.5)V 
Vg = 7(3.5)V 
Vg = 6(3)V 

Vg = 5(2.5)V 


DRAIN CURRENT (Ip) (A) 
de C+) eo 


Ls) 


4 6 8 10 
DRAIN VOLTAGE (Vp) (V) 
FIGURE 2. DRAIN CURRENT vs. LOW DRAIN VOLTAGE 
CURVES FOR REPRESENTATIVE STANDARD 
AND L?FET DEVICES DEMONSTRATING THAT 
Ron HAS NOT BEEN SACRIFICED IN THE L2FET 


Figures 1 and 2 are plots of drain current versus drain volt- 
age with gate voltage as the running parameter. The L@FET 
gate voltage is in parenthesis. The low drain voltage curves 
of Figure 2 demonstrate that RON has not been sacrificed in 
the L°FET. Figure 3 is the transfer characteristic comparison 
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for three different temperatures. The abscissa has two 
scales to reflect the different gate sensitivities; again, L val- 
ues are in parenthesis. It is evident from the curve that: 


1. The threshold voltage is scaled down by a factor of two for 
the L?FET. 


2. The threshold voltage temperature coefficient in mV/°C is 
scaled down. 


3. The current level for zero temperature coefficient is un- 
changed. 


4. The transconductance is scaled up by a factor of two. 


All other L?FETs have similar relationships to their respec- 
tive predecessors. 


RFM10N15 
RMF10N15L 


VpRAIN = 10V 


DRAIN CURRENT + (Ip) (A) 


GATE VOLTAGE (Vg) (V) 


FIGURE 3. TRANSFER CHARACTERISTIC 


Switching Waveforms with Conventional 
Drive 


The first concern when comparing devices with such a large 
difference of transfer sensitivity is one of “other things being 
equal”. If the standard device is driven between zero and ten 
volts with an Re of 25Q, impedance transformation dictates 
that the L2FET should be driven between zero and five volts 
with an Rg of 6'/, Q, thereby transforming open circuit volt- 
age and short circuit current by factors of 2 (or '/>). With 
these parameters, either drive system will supply a peak Re, 
or generator dissipation, of one watt. 


Figure 4 displays the drain voltage versus time of the 
RFM10N15 and the RFM10N15L when each is driven as 
described above with a 5A, 75V resistive load line. The time 
scale is 100ns per division. The table under the graph com- 
pares on delay time, rise time, off delay time, and fall time for 
each device. The times are measured in the normal manner, 
that is, involving the 10% and 90% points of the input voltage 
and output voltage waveforms. 


Note that: 
1. The rise and fall times are not symmetrical 
2. The L?FET is faster 


3. There is a “dynamic Visa)” type of behavior 


4. The “dynamic Visa)" is of a lesser amplitude for the 
L?FET 
These observations are discussed below. 


100 


RFM10N15L 


DRAIN VOLTAGE (Vp) (V) 
on 
°o 


RFM10N15 


GATE | Re | toon) | Yrise) | tororr) | YraLy) 
TYPE DRIVE | (Q) | (ns) (ns) (ns) (ns) 
REM10Ni5 | 0-10V 73 
(100nm) 
REM10Ni5L | 0-5V 57 
(50nm) 


FIGURE 4. DRAIN VOLTAGE vs. TIME CURVES FOR REPRE- 
SENTATIVE STANDARD AND L?FET DEVICES 


Switching Waveforms with Constant 
Current Drive 


The power MOSFET is a current driven device during transi- 
tions due to the charging or discharging of capacitances. In 
actual applications, most drive circuits exhibit a first order 
approximation to a constant current where the voltage com- 
pliance is determined by ground potential or the drive circuit 
power supply voltage. The on current may not equal the off 
current; this situation is addressed below. 


Figure 5 presents the curves for the RFM10N15 and 
RFM10N15L when each is driven from a current generator 
whose Ig; = Ig2, with gate voltage limits of zero and 10 or (5) 
volts. The drive current is kept the same for both devices in 
this case even though the L“FET receives less drive power 
or energy. The value for Ig; and Igo was chosen as 5mA,; the 
time scale is 1p1sS/division. 


Note that: 


1. The rise and fall times of a given device are the same with 
current drive. 


2. The two devices have similar output waveforms in most 
regions. 


3. There is a persistent “dynamic Vgary” even at slow switch- 
ing speeds. 
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4. The “dynamic Visar)” Curves are symmetrical during the 
low drain voltage portion of the turn on and turn off portion. 


5. The “dynamic Visat)” Curves are lower in amplitude by a 
factor of approximately two for the L2FET. 


= —RATED VOLTS 
RATED AMPERES 


PERCENT RATED DRAIN VOLTAGE (°%) 


FIGURE 5. CHARACTERIZATION CURVES FOR REPRESEN- 
TATIVE DEVICES DRIVEN FROM A CURRENT 
GENERATOR 


Large Signal Equivalent Circuit of the 
MOSFET 


If we are to understand the differences and similarities of the 
L?FET relative to the conventional power MOSFET, the 
conventional power MOSFET must first be understood. Fig- 
ure 6 shows a properly proportioned cross sectional view of 
the power MOSFET. 


SOURCE METAL 
POLY GATE GLASS GATE OXIDE 
+n SOURCE 


*e, 
"ea 


%e 
ce 
2 
<- 
we 


"ea 
° *e 
. 
%e 


° 
Pen 
22am 


n+ DRAIN 


FIGURE 6. CROSS SECTION OF POWER MOSFET 


When the drain voltage is very low and the gate is forward 
biased, an accumulation layer exists for the n- region 
beneath the gate. This layer may be thought of as serving 
the function of the drain for the lateral MOS. In addition, it 
serves as a source for a vertical depletion mode JFET. The 
gate of the JFET is formed by the body diffusion, particularly 
in the neck region. The JFET drain is the n+ region usually 
though of as being the MOSFET drain. This situation is 
shown in Figure 6, where the cross sectional view of the 
MOSFET is shown. The lateral MOS and the vertical JFET 


are schematically implied by the left half of Figure 6. The 
right half indicates the edge of the depletion width for several 
drain voltages. Note how the JFET pinches off, such that 
increased drain voltage is supported predominately by the 
JFET. This structure is schematically represented as shown 
in Figure 7. Note that the third quadrant diode is caused by 
the p-n junction associated with the gate and drain charac- 
teristic (common to all JFETs). A parasitic n-p-n transistor is 
not shown, nor is it discussed in this Note. Voltage node (4) 
is within the device, and is not precisely a single node, as 


represented. 
(3) 
® |]? 


FIGURE 7. SCHEMATIC REPRESENTATION OF THE CROSS 
SECTION OF FIGURE 6 


interelectrode Capacitance 


The equivalent circuit of Figure 7 contains four voltage 
nodes. Therefore, six capacitors will exist to couple these 
nodes. The switching waveforms are determined by these 
capacitors and the small signal equivalent circuit of the MOS 
and JFET. Of course, the MOS and JFET small signal equiv- 
alent circuits are nonlinear functions of voltage and current 
and invariant with frequency. Similarly, the capacitors are 
nonlinear with voltage and current. 


Industry data sheets show three terminal characterization of 
this four node network at zero drain current. Under this con- 
dition, the transconductance and output resistance are zero 
and infinity for both the MOS and the JFET. This condition 
reduces the power MOSFET to the capacitor network of Fig- 
ure 8, which may be replaced by three capacitors. Note that 
this situation is valid only when no MOSFET current flows. 


FIGURE 8. CAPACITOR NETWORK REPRESENTATION OF 
THE POWER MOSFET 


When current does flow, node (4) of Figure 7 is a low irnped- 
ance node due to the source follower characteristic of the 
JFET. Similarly, nodes (1) and (3) are generally low imped- 
ance nodes by virtue of the ground reference and the load 
resistance. Therefore, capacitive currents will usually be sig- 
nificant only to the input node, (2). Capacitors C5, Co3, and 
Co4 are examined below over most of the switching regime 
when current is flowing. 
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Gate to Source Capacitance, C,. 


When all of the die except the actual MOSFET cells are 
ignored, Figure 6 shows that the gate to source capacitance 
(C12) is that from the poly gate upward through the thick 
oxide to the source metal. In addition, there is a contribution 
from the poly gate to the n+ source through the thin gate 
oxide. Additionally a fringing capacitance exists at the edge 
of the polysil gate. These components of Cy are invariant 
with voltage and current. There is a fourth component from 
the poly gate to a region about half way along the MOS 
channel through the gate oxide. This component is actually 
distributed, and varies somewhat with current and voltage. 


Gate to Drain Capacitance, C5, 


Capacitor Co3 exists only when no accumulation layer is 
present beneath the poly gate. Otherwise, the accumulation 
layer acts as an electrostatic shield. This layer exists when- 
ever the drain voltage immediately beneath the gate oxide is 
essentially negative relative to the poly gate. In addition, the 
capacitive coupling from drain to gate diminishes greatly 
when the JFET is pinched off. Therefore, C23 exists for only 
a small range of drain voltage. In addition, it should decrease 
rapidly as the pinch-off voltage level is approached because 
the effective area of concern is closed off similarly to the 
aperture of a camera (for a hex cell). 


Gate to Internal Electrode Capacitance, Co, 


Capacitor Co, is rather large for positive gate voltages. It is 
made up of that area between the poly gate and the accu- 
mulation layer, plus some of the area between the poly gate 
and the middle of the MOS channel. In both cases, the 
dielectric is the thin gate oxide. So long as the gate voltage 
is positive relative to the n- layer beneath the poly gate, the 
accumulation layer exists and Co, is invariant. This accumu- 
lation layer ceases to exist when the external drain voltage 
minus the IR drop through the n- neck region approximately 
equals the gate voltage. The area associated with the accu- 
mulation layer (JFET cathode) rapidly decreases with 
increased drain voltage. In addition, a depletion layer may 
now form, leading to a further reduction of Co,. 


Waveforms Expected from the Model 


The following discussion relates the prior model discussion 
to the waveforms of Figure 5. The discussion begins with the 
gate voltage at +5V or +10V and the gate current equal to 
zero. This condition corresponds to saturated behavior, 
where the drain current is approximately equal to Ip(max) 
and the drain voltage equals Ip(max) times Rps(ON). 


Gate Voltage Slope - tor¢ Delay 


As time progresses, Ig = -5mA, which must flow through Cy. 
+ Cog + Cog of Figure 8 because the MOS and JFET are 
both heavily biased into conduction. Therefore, dV,/dt = dV3/ 
dt = nearly 0. With large positive gate bias and drain voltage 
near zero, Coz is zero and Cyo and Co, are constant. As a 
result, the gate voltage should be a straight line with a slope 
equal to: 


dV,/dt = IG(Cy2 = Co4) (1) 


Gate Voltage Plateau 


As the gate voltage decreases, the drain voltage will 
increase imperceptibly at first until the gate voltage drops 
enough to bias the MOS into its constant current mode. At 
this point, the very high transconductance of the MOS is 
consistent with very little change in gate voltage to reduce 
the current by several percent. Several percent change in 
drain current corresponds to many volts in drain voltage. As 
a result, the gate current no longer flows from C4. during the 
constant gate voltage plateau. 


Drain Voltage Shallow Slope 


Since Coz is still zero, all gate current must flow from Co,. 
Assuming that the gate voltage is plateaued and that the 
JFET is still heavily forward biased, node 4 of Figure 7 must 
ramp at linear rate. Therefore, the JFET must also ramp at 
this same rate. 


dV )/dt = Ig/Co,4 (2) 
Again this curve will approximate a straight line. 
Drain Transition Voltage 


As mentioned above, Cy, rapidly decreases once the drain 
voltage is slightly greater than the gate voltage. (Actually, 
this voltage is the n- voltage directly beneath the gate oxide, 
and differs from the drain voltage by an amount nearly equal 


to Iprps(on).) 


Since the drain voltage is still fairly low and the drain current 
has not changed much, the gate plateau voltage still exists. 
Equation 2 still applies except that the value of Cj, has 
materially decreased and Cy3 has become finite. This situa- 
tion results in a substantial increase in dVp/dt. 


JFET Pinch Off Voltage - Drain Voltage Steep Slope 


As the drain voltage approaches the pinch off voltage of the 
JFET, the JFET comes out of saturation and starts to support 
MOSFET drain voltage. The voltage gain of the active JFET 
permits large changes in the JFET drain voltage for small 
changes in its source-to-gate voltage. But the JFET sour-to- 
gate voltage is the lateral MOS drain-to-source voltage, which 
is dominated by equation 2 (but for low values of C5,). 


Gate Voltage Curvature from Plateau 


As the drain voltage increases, the drain current decreases. 
This condition requires significant decrease in gate voltage 
until the gate threshold is approached. A significant portion 
of the gate current must now flow through Co. This flow pro- 
duces a gradual transition in the gate voltage and some 
slowing of the drain voltage waveform. 


Gate Voltage Slope - tion) Delay 


When the drain is totally off, most of the gate current flows 
from Cy. Again, this capacitance is constant, so that the 
waveform is a straight line with a slope equal to: 


dVg/dt = Ie/Cy. (3) 
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FIGURE 9. TEST CIRCUIT 


New Switching Characterization for 
Power MOSFETs 


The above discussion suggests that a new method of char- 
acterization may be provided for resistive switching with 
power MOSFETs, where constant current gate drive is 
employed during the transition time.’ The below method 
bears some similarity to the gate charge concept.” The state 
of the gate charge is a continuous plot in this work, however, 
rather than a single point. This approach permits a knowl- 
edge of all waveforms with any drive circuitry, rather than just 
the total elapsed time. In addition, the total elapsed time is 
fixed (at just under 50 microseconds) by choosing the 
required value of constant gate current. Circuit designers are 
usually more comfortable with milliamperes and microsec- 
onds (although the product is charged in nanocoulombs). 


Test Circuit - Drive 


A test circuit is shown in Figure 9. The heart of this circuit is 
the Harris CA3280 integrated circuit. This is an operational 
transconductance amplifier (OTA) operated as a comparator. 
An OTA is a Current output circuit where the output current 
and output transconductance are programmed by the ampli- 
fier bias current (lagc). Internal chip circuit feedback assures 
an extremely high output impedance within a compliance 
range established by the supply voltages. The circuit of Fig- 
ure 9 is actually two OTA’s in parallel. The linearizing diodes 
on this chip are not used. 


A value of lage is established from the collector of the 
2N4036. The current into the load (the gate of the MOSFET 
under test) may be varied between +lagc and -lagc times a 
constant of proportionality (approximately 0.9). The actual 
value depends upon the input differential input voltage. As a 
comparator, the differential voltage is large resulting in satu- 
rated behavior of +lagc. If the gate voltage comes within a 
volt of the rail voltages, this current goes to zero, producing a 
clamping voltage. For the purposes of this Note, these sup- 
ply voltages are adjusted to clamp 0 volts and +10 volts for 
the normal n-channel MOSFET. The behavior of this IC is 
excellent from submicroamperes to about 2.5mA. Higher 
current may be achieved by stacking many CA3280 pack- 


ages one on top of another and soldering the leads parallel 
to the chips rather than wiring many sockets. However, this 
arrangement may require an increase in the bypass capaci- 
tor values. 


A CA3240E MOS input op amp is used as a unity gain fol- 
lower. Otherwise, the 1mQ or 10mQ shunting impedance of 
the scope would load the high impedance circuitry associ- 
ated with the MOSFET gate. 


Testing Conditions 


A pulse generator is set for 50us on time duration and 
approximately 25ms repetition rate (about 0.2% duty cycle). 
The + clamp voltages are set to the appropriate values. The 
power MOSFET load resistor is chosen to equal the maxi- 
mum rated voltage divided by the maximum rated current. 


With a low value of drain supply voltage, observe the gate 
voltage while adjusting l~gc. A convenient set of conditions 
occurs when a short dwell time of several ys exists at the 
+10V level. Minor adjustments may be desired for lagc as 
the drain supply voltage is increased to maximum rated 
value. The L?FETs would be tested at +5V gate clamp. 


Figure 10 exhibits the pertinent waveforms for an 
RFM15N15. All power MOSFETs have similar waveforms. 
Figure 10(a) is the 3V signal to the CA3280. Figure 10(b) is 
the power MOSFET gate current. In this example, the ampli- 
tude is t+i1mA with a third state of OMA. Figure 10(c) displays 
the gate voltage and the drain voltage, 10V peak-to-peak 
and 150V peak-to-peak. Figure 10(d) is a piece wise linear 
approximation of Figure 10(c). The datum line is zero volts 
and applies to both waveforms. The time scale of the wave- 
forms of Figure 10 is 100, full scale. 


There are some features of the gate and drain voltage wave- 
forms that should be noted. These features are consistent 
with the equivalent model discussion. 


1. The waveforms during the positive gate current time are 
symmetrical to those during the negative gate current 
time. Exceptions will occur for very fast or very slow 
switching, and for nonsymetrical current drive. These ex- 
ceptions are discussed in the following. 
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2. The drain voltage waveform contains a rather steep slope 
with a fairly constant dv/dt over most of the drain voltage 
excursion. 


3. The drain voltage contains a rather shallow slope with a 
fairly constant dv/dt over the remainder of the drain volt- 
age excursion. 


4. The drain transition voltage (defined as the intercept of the 
above two near straight lines) typically occurs when the 
drain voltage equals the sum of the gate voltage (at that 
instant of time) plus the product of the drain current times 
fps(on). 


5. The gate voltage waveform contains three near straight 
line segments during the positive gate current transition 
time. 


PL 


(A) 


(B) 


(C) 


(D) 
FIGURE 10. (A) 3V SIGNAL TO THE CA3280, (B) POWER MOS- 
FET GATE CURRENT, (C) GATE AND DRAIN 
VOLTAGE, (D) PIECE WISE LINEAR APPROXIMA- 
TION OF 10(C) 


Application of the Switching Data 


Figure 11 is a family of curves similar to Figure 10(C), where 
the drain supply voltage is fixed at four values. Note that the 
ordinate is 10V full scale for the gate voltage, while it is nor- 
malized to 100% of maximum-rated drain voltage for the 
drain-voltage curves. All four sets of curves are taken with a 


predetermined gate current, tl; The abscissa is also nor- 
malized to 100 (I/Ig) microseconds full scale, where lg is 
the actual gate drive current. With this characteristic curve, 
switching behavior may be readily predicted for almost any 
driving circuit, provided the load is resistive. 


jy PEN | 


Ne et 


FIGURE 11. CURVES SIMILAR TO THOSE OF FIGURE 10(C) 
WITH DRAIN SUPPLY VOLTAGE FIXED AT FOUR 
VALUES 


Symmetrical Current Drive 


Waveforms of Figure 11 will scale in an inverse manner with 
gate current. Driving current was varied from +200mA to 
+2uA for the device of Figure 11. Measurements of delay 
time (on), rise time, delay time (off), and fall time are plotted 
in Figure 12 and compared to the inverse scaling suggested 
by Figure 11. 


RFM15N15 


x td (OFF) 
A tt 


O tr 
@ td (ON) 


FIGURE 12. VARIOUS TIME MEASUREMENTS COMPARED TO 
THE INVERSE SCALING SUGGESTED BY 
FIGURE 11. 


It is anticipated that very slow switching (in the millisecond 
region) will result in the chip thermally tracking the power 
dissipation, which would cause some deviation from the 
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inverse scaling. This condition was not noted on Figure 12 
for gate currents as low as +2u1A. 


Large gate currents result in very fast switching waveforms. 
The gate of each hex cell is accessed through a gate pad 
and gate runners, which are of a low resistivity metal 
followed by buried polysilicon of a moderate resistivity. As a 
result, the high gate currents cause a propagation delay to 
exist for those cells far removed from the gate runners. This 
effect is not seen in Figure 12, even though the gate current 
was increased to t200mA. 


Asymmetrical Current Drive 


The positive and negative gate drive will often be dissimilar. 
Of course, the scaling must reflect this situation. At other 
times the gate current varies with amplitude. This condition 
is always true when driving from a pulse generator of fixed 
resistance. Piecewise linear methods will yield the gate 
current, which will permit the proper piecewise linear scaling. 
This calculation could be done in the following manner: 


1. Mark eleven small x’s along the gate waveform of Figure 
11 dividing it into 10 equal voltage segments; for example, 
Vg =0,1,2,...9, 10V. 


2. Drawa vertical line through each x the full height of the fig- 
ure, Creating 10 time segments. 


3. If the driving-pulse amplitude is 0 to 10 volts with an inter- 
nal resistance of 100 ohms, calculate the piecewise linear 
gate current for each time segment. Ig; = (10 - 0.5)/100 = 
95mMA, Igo = (10 -1.5)/100 = 85mA, etc. 


4. Then scale each waveform within the pertinent time seg- 
ment by the proper gate current. 


5. Smooth the curves. 


6. Create 10 more time segments for the right half of Figure 
11 corresponding to an average gate voltage of 9.5,8.5, . 
.. 1.5, 0.5 volts. Call these segments 11,12,... 19,20. 


7. In that the pulse-generator voltage is now zero volts, cal- 
culate Ig as: 
lo11 = (0-9.5)/100 = -95mA, Iqy2 = (0-8.5)/100 = -85mA, 
etc. 


8. Repeat 4 and 5. L?FETs would be treated with smaller 
voltage segments. 


Generally, the gate-voltage plateau of Figure 11 will not be 
located at the middle of the pulse-generator amplitude (5 
volts). As a result, rise and fall times measured this way 
experie differing gate currents and are “nonsymetrical”. 
This type «i measurement will also lead one to observe 
temperature sensitivities, load-current sensitivities, and 
device-to-device variability, all of which are more circuit 
dependent than device dependent. 


Source-Lead Inductance 


The gate-voltage waveforms may be corrected by the 
voltage across the source-lead inductance and external 
inductance, which may be mutually common to the input and 


output current loops. This voltage, L di/dt, may be 
approximated and applied to the gate-voltage waveform after 
scaling Figure 12 for the actual gate currents. Generally, this 
effect is not appreciable for gate current small relative to 
+100mA. A very loose circuit wiring arrangement with inches 
of mutually common source wire will exaggerate this effect. 


Gate Voltage Propagation Effects 


Most power MOSFET applications need switch no faster 
than tenths of a microsecond, but should faster switching be 
required, this section will become important. It must be 
understood that the power MOSFET appears as a 
distributed network of many cells when used for very fast 
switching. 


The thousands of individual MOSFET cells are connected in 
parallel with highly conductive metal for the sources and 
drains. However, the gates are paralleled with a moderately 
conductive film of dopec polysilicon. As a result, a very steep 
voltage waveform applied to the gate pad will bias those 
cells close by, but a delay will occur for turn on or turn off. 
Because of the nonlinear “input capacitance” of each cell, 
the delay cannot be characterized by a pure number of so 
many nanoseconds. 


Presently, most manufacturers characterize typical switching 
speed for a single test condition. The test conditions are 
usually chosen to present the most favorable result, usually 
near the upper limit of usefulness. 


Figures 13(A), (B), and (C) show the increasing effect of gate 
voltage propagation. The gate waveform is the only one 
shown because the drain is not affected so drastically. This is 
true because some cells are overdriven, offsetting the effect of 
the starved cells. Care must be exercised when operating with 
large gate effects similar to those of Figure 13(C). 


FIGURE 13. CURVES SHOWING THE INCREASING EFFECT OF 
GATE VOLTAGE PROPAGATION 
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Gate-propagation effects may be reduced by the following Any of the previous methods require trade-offs which would 
design methods: not be attractive to the needs of most components users. 


These trade-offs are in the realm of: 
1. Many gate runners. 


1. Reduction of Rox per unit area. 
. More conductive polysilicon. 


2. Decreased yield. 


2 

3. Silicide rather than polysilicon gates. ee 
3. Added cost (beyond the cost of yield impact). 

4 


. Less cells (resulting in lower transconductance and higher : 
Fond. ( 9 g 4. RFI, self-oscillation, and other problems characteristic of 


very fast devices. 
5. Substantially different lateral and vertical structure. 
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POWER MOSFET SWITCHING WAVEFORMS: 
A NEW INSIGHT 


Author: Harold R. Ronan, Jr. and C. Frank Wheatley, Jr. 


No. AN7260.2 September 1993 


The examination of power MOSFET voltage and current 
waveforms during switching transitions reveals that the 
device characterization now practiced by industry is inade- 
quate. In this Note, device waveforms are explained by con- 
sidering the interaction of a vertical JFET driven in cascode 
from a lateral MOSFET in combination with the interelec- 
trode capacitances. Particular attention is given to the drain- 
voltage waveform and its dual-slope nature. The three termi- 
nal capacitances now published by the industry are shown to 
be valid only for zero drain current. For cases where the gate 
drive is a voltage step generator with internal fixed resis- 
tance, the drain voltage characteristics are inferred from the 
gate current drive behavior and compared to observed 
waveforms. The nature of the “asymmetric switching times” 
is explained. 


A waveform family is proposed as a more descriptive and 
accurate method of characterization. This new format is a 
plot of drain voltage and gate voltage versus normalized 
time. A family of curves is presented for a constant load 
resistance with VOO varied. Gate drive during switching tran- 
sitions is a constant current with voltage compliance limits of 
0 and 10 volts. Time is normalized by the value of gate driv- 
ing current. The normalization shows excellent agreement 
with data over five orders of magnitude, and is bounded on 
one extreme by gate propagation effects and on the other by 
transition time self-heating (typically tens of nanoseconds to 
hundreds of microseconds). 


Device Models 


The keystone of an understanding of power MOSFET 
switching performance is the realization that the active 
device is bimodal and must be described using a model that 
accounts for the dual nature. Buried in today’s power MOS- 
FET devices is the equivalent of a depletion layer JFET that 
contributes significantly to switching speed. Figure 1 is a 
cross-sectional view of a typical power MOSFET, with MOS- 
FET/JFET symbols superimposed on the structure. 


Figure 2 is obtained by taking the lateral MOS and vertical 
JFET from this conception and adding all the possible node- 
to-node capacitances. Computed values of the six capaci- 
tances for a typical device structure suggest that device 
behavior may be adequately modeled using only three 
capacitors in the manner of Figure 3. This is the model to be 
employed for analysis and study 


Copyright © Harris Corporation 1992 
11-15 
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POLY GATE GLASS GATE OXIDE 


“n+ SOURCE 7 


FIGURE1. CROSS-SECTIONAL VIEW OF MOSFET SHOWING 
EQUIVALENT MOS TRANSISTOR AND JFET 


C6 


SOURCE 


FIGURE2. MOSTRANSISTOR WITH CASCODE-CONNECTED 
JFET AND ALL CAPACITORS 


SOURCE 


FIGURE 3. FIGURE 2 SIMPLIFIED 
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Gate Drive: Constant Voltage or 
Constant Current 


Before moving on to the study of the equivalent circuit states 
of the model, a gate-drive forcing function which is easy to 
represent, relates to reality, and best illustrates device 
behavior must be chosen. The choice may be immediately 
narrowed to two: 


(1) An instantaneous step voltage with internal resistance R, 
Figure 5. 


(2) An instantaneous step current with infinite internal resis- 
tance, Figure 6. 


:GATE VOLTAGE 


{ DRAIN 
: VOLTAGE 


VOLTAGE —>— 


FIGURE 4. IDEALIZED POWER MOSFET WAVEFORMS 


Vel |. v(t) 


v(t) 


TURN ON 
v(t) = Vg (1 - e) YRoS 
i(t) = Vg e -URoC 

RO 


TURN OFF 
v(t) = Vg e YRo 


i(t) =- V, eRoCS 
(t) ne Ipx = Vg/Ro 


i(t) 


FIGURE 5. STEP-VOLTAGE FORCING FUNCTION 


Power MOSFET devices are highly capacitive in nature; 
hence, simple capacitor responses to the forcing functions 
offer a good vehicle for comparison. The advantageous 
choice is immediately obvious: Figure 5. Voltage/time 
responses dominated by capacitance are straight lines 
(when constant current is used). The slope of these lines is 


proportional to current and inversely proportional to capaci- 
tance. Analytically, then, constant current is most conve- 
nient. It is quite another matter, however, to build a 
bidirectional current drive that is accurate across the many 
decades of both current and time required to establish 
experimental verification. 


Six States 


To completely characterize power MOSFET switching wave- 
forms, the six states that a device assumes, Figure 6, must 
be addressed: 


Cstare [MOS | JFeT 
Truront [of «| SC 
PTumvong [Active | Saturated” 
TTumot's [Saturated [Saturated 
PTumon's [Active | Saturated 
PTum-ots [Active | Active — 
“The term saturated is taken to mean a constant low-voltage 
drain-source condition. 


a it) 


| | i v(t) 
elg 


a 
TURN ON 


TURN OFF t 
v(t) = ave 
i(t) slg T<t<2T 


Igt 
vit)= € 
i(t)=IgGO<t<T 


dg 


FIGURE 6. STEP CURRENT FORCING FUNCTION 


Equivalent Circuit 


The lumped-parameter model of Figure 3, with the cascode- 
connected JFET, can now be reduced to the linear equiva- 
lent circuit of Figure 7, and the six device states investigated 
from full off to full on. 


GATE ¢ 


ji’. 


Vv 
Cy OMJ YX 


Cos 


9 SOURCE 


LEGEND 


- MOSFET Transconductance 
- JFET Transconductance 


- Drain Load Resistance 
- Constant Current Amplitude 


FIGURE 7. POWER MOSFET EQUIVALENT CIRCUIT 


x |- MOSFET Feedback 
Capacitance 
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State 1: MOS Off, JFET Off 


In a power-MOSFET device, no drain current will flow until the 
device gate threshold voltage, Vy, is reached. During this time, 
the gate current drive is only charging the gate source capaci- 
tance. More accurately, Ig is charging Cisg (Cigg = Ces + Cap 
Cps shorted), the capacitance designation published by the 
industry. 


The current generators, QyVq and gyyjVx are open circuits for 
zero drain current, and R,_ is presumed to be so low as to repre- 
sent a short circuit (generally true for practical applications). This 
is academic however since Cg is very much larger that Cg. The 
time to reach threshold, then, is simply: 


Ciss Vr 
Ig 


State 2: MOS Active, JFET Active 


This state graphically illustrates the dramatic influence that the 
JFET has on the power MOSFET drain-voltage wave- form. 
Instead of having to discharge C, from Vpp to ground, the lateral 
MOSFET need only swing vx to ground, a much smaller voltage 
thanks to the grounded gate JFET. Since the interaction of R, 
with the device capacitances has a second-order effect on the 
drain voltage, the equivalent circuit of Figure 7 predicts a drain 
voltage change of: 


dye/dt = gvRy leACes + Cx(1 + 9WOmy)) 

In all but the smallest power-MOSFET devices, C, is several 
thousand picofarads and g,y/Qyy is of the order of 3:1. Power- 
MOSFET devices exhibit a high dvp/dt switching rate because of 
the cascode-connected J FET, not because Crss (Cass = Cep) 
is a small value, as zero-drain-current data- sheet capacitance 
values might lead one to believe. If Cass were, in actuality, small, 
long drain voltage tails would not exist. The tail response is a 
direct result of JFET saturation. In order to delineate the transi- 
tion from state 2 to state 3, a drain voltage at which the transition 
occurs must be defined. Vpx is the knee voltage at which linear 
extrapolations of drain-voltage slopes intersect. The time dura- 
tion of state 2 is: 


t= (Vpp - Vok)ICas + Cx(1 + Ov/Omd)VomRLIe 
State 3: MOS Active, JFET Saturated 
When the JFET saturates, the gyjVx current generator becomes 
a short circuit and the equivalent circuit predicts: 
dyp/at = gui Ie/ICes + Cx(1 + 9MR_)] 
This is the Miller effect so often referred to in older texts that 
describe the behavior of grounded-cathode vacuum-tube ampli- 
fier circuits. Allowing for the fact that 1 + gyR_ is approximately 
equal to gyR, and Cy(1 + gyR_) is very much larger than Ces, 
the expression for drain-voltage tail time is: 
t= (Vox - Voysat))CxIq 

State 4: MOS Saturated, JFET Saturated (Turn-Off) 
In this state, in addition to gyjV being shorted, the g,yVg current 
generator is shorted, and Ig is occupied with charging Cy and 
Cs, in parallel, from the peak value of Vg to Vega). The time 
required for this is: 

t = (Vg - Vaisar)(Cas + Cx)Ag 


Since a value for Cag may be measured independently of switch- 


T= 


ing time, the method described is the simplest way of determin- 
ing Cx. 


On turn-off, the state time equations are equally applicable, 
but in reverse order (states 5 and 6); see the idealized wave- 
form of Figure 4. 


Experimental Verification 


The four switching states just analyzed indicate that for a given 
device, all four switching state times are inversely proportional to 
the magnitude of the gate drive current. Figure 8 illustrates the 
switching performance of a typical power MOSFET across three 
decades of gate drive current and time. In each case the data 
slope is almost a perfect -1. 


A New Device Characterization 


Figure 8 could not be a reasonable device data sheet presenta- 
tion because it does not give the designer any information on a 
typical value for Cy, nor does it convey how Vpx, Gu; Gw/Gyy, and 
Va(sat) vary with drain current. What would be of enormous 
value to the designer is a plot of Vp(t), Vg(t) for selected values of 
Vpp and Ip within device ratings. 


A reasonable characterization would be as follows: 


1. The x axis would be normalized in terms of gate current drive. 


2. The y axis would be normalized in terms of percent maximum rated 
Vp (0 to 100%). 


3. Ry = Vp(max)/p(max) would define the drain load resistance. 


4. Four plots of Vp(t), Vg(t) at 100%, 75%, 50%, and 25% Vp(max) 
would be shown. 


10 
RFM15N15 
Vop = 75V 
Ip =/7.5A 
Ro = co 1) 
Vg =10V 
2 1 
=z 
re) 
Oo 
Ww 
2) 
° 
a 
© 
= 
= 0.1 
0.01 


1000 


10 
(Ig) - MILLIAMPERES 


FIGURE 8. CONSTANT GATE CURRENT SWITCHING TIME 


Figure 9 is such a plot for the RFM15N15 power MOSFET. 
With such a plot, a designer can estimate device switching 
performance under any resistive gate/drain conditions. 
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FIGURE 9. NORMALIZED RFM15N15 SWITCHING WAVE- 
FORMS FOR CANSTANT GATE-CURRENT DRIVE. 


Step-Voltage Gate Drive 


The majority of power MOSFET applications employ a step 
gate-voltage input with a finite source resistance RoOften 
Ro for turn-on is not the same as Ro for turn-off. How can 
switching times for these situations be estimated using the 
switching characterization curves just described? The analy- 


TABLE 1. 


Ciss Vr 


z2ac- 


zo 


: (Cas + Cx)(Vg - Vasar) 


Ig 


Ig=h 


STATE 2: ACTIVE, ACTIVE 


[Vpp - VoK] [Ces + Cy (1 + S/Omy)] 
OMA LIg 


STATE 3: ACTIVE, SATURATED ia = (is © Vaaarlis 


G=h 
_ (Vox - Vosat)Cx 
Ig 
gh 


STATE 4: SATURATED, SATURATED 


STATE 5: ACTIVE, SATURATED 


sis for resistive step voltage inputs, which is complex 
because the gate current is no longer constrained to be con- 
stant, but is a function of device gate-voltage response, is 
covered in Appendix A. (A second, shorter appendix, B, has 
been added to illustrate the estimation of Ro for some practi- 
cal gate drive circuits.) Table | summarizes the common 
switching equations, and indicates the appropriate 1G to be 
used in each state for relating step voltage drives to the 
characterization curves. 


Experimental Verification 


Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type, one would expect a plot of switching time versus 1/Ro 
to be of the same form as those obtained for a step current 
drive. This is exactly the case, as Figure 10 is merely a vari- 
ation of Figure 8. Using the relationships of Table I, the 
observed differences between Figs. 7 and 9 can be pin- 
pointed. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current VU/Ro equal- 
ling the constant 1G, t6(on), t, td(off), and t1 will all be 
longer, as predicted by the ratios of the gate drive currents of 
Table 1. Notice also that t, t1 switching symmetry is dis- 
rupted by the use of a step voltage with source resistance 
Ro. For states 2 and 6 the time ratio is: 


COMMON SWITCHING EQUATIONS 


CONSTANT CURRENT STATE 1: MOS OFF, JFET OFF 


CONSTANT VOLTAGE 


[1] 
[1 - V7/Gy] 
Ig = (Vg- VrVRo 


t= Ro(Cegs + Cx) In (Ve/Vesar) 


Ig = (Vg - Vasat/Ro 


(Vox - Vosat)Cx 


rr ne aH 


STATE 6: ACTIVE, ACTIVE 


Ic 


Ig = (Vg - Vasat)/Ro 


[Vpp - VoK] [Cas + Cx (1 + G/Omy)] 


ee A ie eel 


Om, Iq 
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Experimental Verification 


Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type, one would expect a plot of switching time versus 1/Ro 
to be of the same form as those obtained for a step current 
drive. This is exactly the case, as Figure 10 is merely a vari- 
ation of Figure 8. Using the relationships of Table |, the 
observed differences between Figures 7 and 9 can be pin- 
pointed. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current Vg/Ro equalling 
the constant Ig, tp(on), tp, tp(off), and te will all be longer, as 
predicted by the ratios of the gate drive currents of Table 1. 
Notice also that tp, te switching symmetry is disrupted by the 
use of a step voltage with source resistance Ro. For states 2 
and 6 the time ratio is: 


tTuRN-ON _ _ V@ySaT) 
tTURN-OFF Vg - Vr 
For states 3 and 5 the time ratio is: 
tTURN-ON | Va(sat) 
tTURN-OFF Ve - Vecsar) 


Utilization of available maximum gate drive voltage and cur- 
rent can be optimized for fastest power MOSFET switching 
speed through the use of constant-current gate drive at the 
expense of increased gate-drive circuit complexity. 

10 ; 
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FIGURE 10. CONSTANT GATE VOLTAGE SWITCHING TIME 


Using the Characterization Curves, 
Figure 9 
To estimate the switching times for an RFM15N15 power 


MOSFET under the conditions Vg = 10V, Vpp = 75V, Ro = 
100 ohms, and R, = 10 ohms, precedes as follows: 


State 1: MOS Off, JFET Off 
This time can be estimated without recourse to the curves 


t=  100(1200 x 1071) in [1/(1 - 4/10)] 
t= 6ins 


State 2: MOS Active, JFET Active 


Ig=  (10- 4)/100 = 60mA 


(curve divisions) x ly ps 9 
ee es Sel = 150ns 
60 60 
State 3: MOS Active, JFET Saturated 
Ig=  (10-7)/100 = 30mA 
curve divisions) x | 14 
= _ ious Cnisiones) hy PS ) i =——— = 467nS 
30 30 


State 4: MOS Saturated, JFET Saturated 


Cest+C, = (gate voltage slope)(test current) 
= (1.5.x 10%s/5 volts)(10mA) 
= 9000pF 
t=  100(3000 x 10°) in [10/6.6] 
t= 125ns 


State 5: MOS Active, JFET Saturated 


Ig= 6.€/100 =66mA 
(curve divisions) x ly ps 8 
ed = 121 ns 
66 66 


Figure 11 shows RFM15N15 waveforms using the condi- 
tions specified in the example. 


RFM15N15 

Vpp = 75 VOLTS 
Ri, = 10 OHMS 
Vg = 10 VOLTS 
Ro = 100 OHMS 


DRAIN VOLTAGE - VOLTS 


1.5 
TIME - MICROSECONDS 


FIGURE 11. STEP GATE VOLTAGE INPUT TO AN RFM15N15 


CALCULATED | MEASURED 
STATE TIME TIME RATIO 


rer) tn) | to) 


NOTES 


APPLICATION 


For peak gate voltages other than 10 volts, and load resis- 
tances other than Vpgs/Ipipmsy, the equations of Table 1 
may be used in conjunction with slope estimates from the 
characterization curves for Cy and Cgg + Cy(1 + Gy/gyy) at 
the appropriate drain-current level. 
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Characterization-Curve Limits 


The switching-time range over which the characterization can be 
applied is very impressive. For gate currents of the order of 
microamperes, device dissipation is the limiting factor. For gate 
currents of the order of amperes, the device response will be 
slowed by gate propagation delay. This delay, of course, 
degrades the linear switching relationship to gate current. How- 
ever, as Figure 12 graphically shows, the characterization is valid 
across five decades of gate current and switching time, allowing 
all but a very few switching applications to be described by the 
characterization curves of Figure 9. 


RFM15N15 


TIME(t) - MICROSECONDS 


10! 102 103 
GATE CURRENT (Iq) - MICROAMPERES 


FIGURE 12. FIVE DECADES OF LINEAR RESPONSE 


Conclusions 


The viability of the proposed characterization curves using con- 
stant current has been demonstrated and the limits of applica- 
tion defined. The existence of a vertical JFET in a power 
MOSFET makes data-sheet capacitances of little use for esti- 
mating switching times. The classical method of defining 
switching time by 10% and 90% is a poor representation for 
power MOSFETs because of the dual-slope nature of the drain 
waveforms. Switching influences are masked because the 10% 
level is controlled by one mechanism and the 90% level by 
another. Device comparisons based on the classical switching 
definition can be very misleading. 


Appendix A - Analysis for Resistive Step 
Voltage Inputs 


Step Voltage Gate Drive 


To obtain the necessary relationships, six device switching 
states must be examined using the same device equivalent 
circuit as was used for the constant-gate-current case, but 
with the forcing function replaced with a step voltage with 
internal resistance Ro, Figure A-1. 


© DRAIN 


LEGEND 


- Gate Voltage - Drain Source Capacitance 
- JFET Driving Voltage |gy —_|- MOSFET Transconductance 
- Drain Voltage dq _|- JFET Transconductance 


Cgs]}- Gate Source R, —_|- Drain Load Resistance 
Capacitance 

Cy |- MOSFET Feedback - Constant Current Amplitude 
Capacitance 


FIGURE A-1. POWER MOSFET EQUIVALENT CIRCUIT 


State 1: Mos Off, JFET Off 


As before, both current generators are open circuits, reducing 
the equivalent circuit to simply charging Cigg through Ro. 


t= RoCisggin(1/(1 = V7/V@)] 
t=  Va/Ro 


State 2: Mos Active, JFET Active 


Before proceeding, it is wise to examine an actual device 
response and make use of available simplifications. Figure A-2 
shows ig(t) and ip(t) for a typical power MOSFET driven by a 
step gate voltage. For truly resistive switching, realize that these 
waveforms are only mirror images of their voltage counterparts 
Vag(t) and vp(t). Using Figure A-2, applicable gate currents for 
each of the device states may be listed. 


CURRENT—> 


FIGURE A-2. I,(t) AND ip(t) FOR A TYPICAL POWER MOSFET 
DRIVEN BY A STEP GATE VOLTAGE 


Turn-On 
State 1: MOS Off, JFET Off 
IpK1 = Ve/Ro 


State 2: MOS Active, JFET Active 
IpKe = (Vg - V7)/Ro 

State 3: MOS Active, JFET Saturated 
lpk3 = (Vg - Vaisaty)/Ro 
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Turn-Off 


State 4: MOS Saturated, JFET Saturated 

lpka = Ve/Ro 

State 5: MOS Active, JFET Saturated 

Ipks = VaisatYRo 

State 6: MOS Active, JFET Active 

IpKe = Vaisat/Ro 
The equivalent circuit of Figure A-1 predicts that: 

dvp/dt = -gyR, (Vg - Vee" 11 
where T1 = RoCes + (1 + Ga/Gu)ROCx 
Note that gyR,(Vg - Vr) is usually an order of magnitude 
greater than Vpp, indicating that the drain voltage is discharging 
toward a very large negative value. The device operation, then, 
is on the early, almost linear, portion of the exponential, where 
e™! approximates unity. The drain current of Figure A-2, and 


hence the drain voltage, does indeed exhibit a linear decrease 
with time. 


Thus, for state 2: 


[Vop - VoxI[Cas + Cx(1 + W/Omy)] 
OmAL IpKe 


t= 


where Ipxs = (Vg - Vr)/Ro 
State 3: Mos Active, JFET Saturated 


Because of the Miller effect, the gate voltage and, hence, the 
gate current, is almost constant during the tail time. The 
equivalent circuit then predicts: 
qVp OMA Ig _ |e 
dt Ces + (1 + guR,)Cx Cy 
Io = Ipxs = (Vg - Vaisan)/Ro 
(Vox - Vorsar)Cx 


and t= 
Ips 
State 4: Mos Saturated, JFET Saturated (Turn-off) 


Both equivalent-circuit generators are short circuits, and the 
gate drive is discharging Cy in parallel with Cgg through Ro. 


t = Ro(Ces + Cx) In[Ve/Vaisan)] 
IpK4 = Ve/Ro 
State 5: Mos Active, JFET Saturated 
The JFET current generator V,g,,), is operative. 


bs [Vox - Voysar))Cx 


lpKs 


Ipks = Vaisaty/Ro 
State 6: Mos Active, JFET Active 
The Miller effect is now reduced by the activation of Veguy, 
and the equivalent circuit predicts: 
[Von - Vok)[Cas + Cx(1 + Sw/9mu)] 
OMAL !pake 


t= 


lpake = Vecsaty/Ro 


Appendix B - Estimating Ro for Some 
Typical Gate-Drive Circuits 


Case 1: Typical Pulse-Generator Drive, Figure B-1 
Vpp 


Ri 
Ve 


eVeeaeneasaneses 


Sea2a2ave2an2apee2asesa2aeecas 


FIGURE B-1. TYPICAL PULSE-GENERATOR DRIVE CIRCUIT 
Turn-On and Turn-Off 
Ro = ReenRes/(Reen + Res) 


For the typical case where Regen = 50Q, and a coaxial-cable 
termination of 50 ohms, Ro = 25Q and Vg = Vegn/2. 


Case 2: Voltage-Follower Gate Drive, Figure B-2 
+ 
| i 


Po 


FIGURE B-2. VOLTAGE-FOLLOWER GATE-DRIVE CIRCUIT 


Turn-On 


Ro is approximately equal to 1/gy for Rg very much 
greater than 1/gyy. 


gm = transconductance of driving MOSFET transistor. 
Turn Off 
Ro = Rs 


Case 3: Common-Source Gate Drive, Figure B-3 


APPLICATION 
NOTES 


FIGURE B-3. COMMON-SOURCE GATE-DRIVE CIRCUIT 


Turn-On 


Ro = Rp (drain-to-ground capacitance of driving 
device adds to Cgg of driven MOSFET.) 


Turn Off 
Ro = Rps(on) of driving MOSFET 


Rp is very much greater than Rps(on) 
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SINGLE PULSE UNCLAMPED INDUCTIVE SWITCHING: 
A RATING SYSTEM 


Author: Harold Ronan 


Unexpected transients in electrical circuits are a fact of life. 
The most potentially damaging transients enter a circuit on 
the power source lines feeding the circuit. Power control and 
conversion circuits are vulnerable because of their close 
proximity to the incoming lines. The circuit designer must 
provide protection or face frequent field failures. Harris 
provides extensive information on transient characteristics in 
support of its line of transient voltage suppression devices 
(SSD-450). Additionally Harris offers power MOS devices 
that are avalanche failure resistant. Most semiconductor 
devices are intolerant of voltage transients in excess of their 
breakdown rating. Avalanche capable devices are designed 
to be robust. The Harris MEGAFET product line typifies the 
best in rugged power devices. To assist the designer in their 
use, Harris has devised a Rating System that is application 
specific. This application note is intended to explain and 
illustrate the use of the single pulse Unclamped Inductive 
Switching Rating curves. 


Failure Mechanisms 


Early Power MOSFET devices, not designed to be rugged, 
failed when the parasitic bipolar transistor indigenous to the 
vertical DMOS process turned on. Figure 1 shows a cross 
section of a unit cell from an N-channel enhancement mode 
device. 


WK — \ SG 
ZL LLIN \IW LZ ZZ 


RQ dn a 
BIPOLAR TRANSISTOR 


FIGURE 1. VDMOS STRUCTURE WITH PARASITIC BIPOLAR 
TRANSISTOR 


When a unit is in avalanche, the bipolar transistor is in a 
Vcer Mode, thus, it will rapidly heat. The avalanche-induced 
base-emitter voltage rises because of a positive resistive 
temperature coefficient. Simultaneously, the base emitter 
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voltage at which the transistor will become forward biased 
decreases because of a negative Vpe temperature 
coefficient. If a forward bias condition is reached, device 
failure initiates. Blackburn’s measurements showed that this 
failure mode is a function of avalanche current and junction 
temperature and not energy related. 


Ruggedness improvement technology has advanced to such 
a level that devices fail because of a different mechanism. 
Devices have been manufactured in which the parasitic 
bipolar transistor never turns on. The failure is thermally 
induced. At the start of avalanche, any localized increase in 
temperature can initiate the formation of a current filament 
with a current-controlled negative-resistance characteristic. 
At a high current density, this can lead to the formation of a 
mesoplasma resulting in second breakdown and device 
failure. If there is heat transfer from the filament to the bulk 
material, the time to second breakdown is_ inversely 
proportional to the square of the current. 


The Harris MEGAFET product line typifies this type of failure 
mode. UIS capability testing of these devices show that the 
failure current versus the time in avalanche closely 
approximates a negative one-half slope when the locus of 
device destruction points is plotted on a log-log graph. 
Device fai!ure is not inversely proportional to current only as 
it would be in the case of constant energy. Harris supplies 
rating curves at starting junction temperatures of +25°C and 
+ 


IFR 
tay = (UR) In[(las*R)/(1.3 RATED BVpss - Vpp) + 1] 


0.10 1.00 1 
TIME IN AVALANCHE (tay) - MILLISECONDS 


FIGURE 2. UNCLAMPED-INDUCTIVE-SWITCHING SAFE 
OPERATING-AREA CURVE (SINGLE PULSE UIS 
SOA). SEE FIGURE 3 FOR TEST CIRCUIT. 
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TABLE 1. 


- The peak current reached during device avalanche. 


CONDITIONS AVALANCHE ENERGY AVALANCHE POWER 
he ae 
ns 
A 
i 


las Vosxisusy/2 “ 


e - The time duration of device avalanche. 
Vpsxisus) ~ The effective (constant) device breakdown voltage during avalanche. 
- Inductance 
R - Resistance 
Vop - The output circuit supply voltage. 
K - (Vpsx(sus)-Vop)/lasR - The ratio of the inductor plus the resistor voltage to the resistor voltage drop. 


Test Circuit Equations 


The circuit model (Figure 3) used to describe a UIS test is a 
simple lumped parameter series inductor/resistor circuit in 
which both the power supply and device avalanche voltage 
are presumed to be constant. All the equations that result 
from the mathematical analysis are listed in Table 1 by the 
Vpp. R conditions commonly referenced in the JEDEC test 
method and commercial data sheets. The equations in Row 
1 are for the general case. The factor K is the ratio of the net 
voltage across the inductor and resistor to the resistor 
voltage drop. When K is large (K >30), the equations in Row 
1 reduce to those in Rows 2 and 3. This can be accom- 
plished mathematically by substituting the series expansion: 
In(1 + X) = X -X2/2 +... Only the first term is needed for tay, 
while two terms are required for Eas and Pasyave)- Time in 
avalanche, tay is the important parameter or a rugged 
device. Reviewing the expressions for tay in Table 1, the 
following observations can be made: 


1. Series circuit resistance reduces the device avalanche 
stress. 


2. Asupply voltage approaching the device avalanche voltage 
increases tay Stress increases and the allowable 
avalanche current is reduced. 


3. When the supply voltage is zero, tay varies inversely with 
the device avalanche voltage. 


Integrated Technology Corporation, Tempe, AZ manufactures 
test equipment that works on this principle. When a device 
avalanches, the supply voltage is disconnected and current is 
commutated through an antiparallel diode. Power MOSFETs 
tested in this manner will receive the same heating energy 
independently of varying device-to-device avalanche voltages. 


The equations of Table 1 presume that the device avalanche 
voltage is constant. In an actual test it is not. Experiments 
have been performed using devices with similar low current 
room temperature BVpss readings. Vpp, L, R, las and tay 


Vpsx(Sus) 


Vpp 


tay —>| <— tay 


FIGURE 3. UIS TEST CIRCUIT AND WAVEFORMS 
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were Carefully measured and the avalanche breakdown was 
calculated. All units yielded similar results. The effective 
avalanche voltage was in all cases 30% larger than BVps¢s. 
Vpsx(sus) is the effective voltage referenced in the JEDEC 
test method. Harris has chosen to list Vpsx(gus) in the tay 
equations on the rating curves for these devices as 1.3 times 
the rated low current breakdown voltage. It has been 
industry practice to refer only to Bypss. 


Single point avalanche energy ratings at T, = +25°C are not 
application specific nor are they useful for comparing similar 
devices offered by different manufacturers. To highlight the 
difficulty, a hypothetical example is in order. Let’s attempt to 
determine the safe single pulse avalanche current for an 
application that uses L = 100uH and a Vpp = 30V. Typical 
industry data sheet information is as follows: 


Eas = 19mJ Maximum 
Ty = +25°C (Starting) 
L = 50yuH 
Vop = 25V 
las = 21A 


Only a starting junction temperature of +25°C can be 
assessed. In lieu of a rating curve, a failure mode must be 
assumed. 


Parasitic Bipolar Turn-on 


There is no basis from which to estimate the safe avalanche 
current for the intended application. 


Constant Energy 


To use the relationship Eas = L |?4s/2(1-Vpp/Vpsxisus)) We 
must use Vpsx(sus) = BVpss- The predicted safe lag would 
then be equal to 13.8A. 


Thermal (I?7,a5 tay = Constant) 


Again using Vpsx(sus) = BVpss in the relationship tay = L 
las/(Vosx(sus)-Vop) we have tay = 30us for the data sheet 
condition and I?,5 tay = 0.0132. For the intended application 
then 


Pas = 0.0132 (Vpsx(sus)-Vop)L 
where L = 100H1H, Vpp = 30V and Vpsxsus) = 
and Ins = 15.8A 


BVpss 


It is a simple matter to establish the safe avalanche current 
for a Harris MegaFET supplied with rating curves. Figure 2 is 
the rating chart for the RPF22N10, a 100V BVpgzs device. 


For Tyg = +25°C 


\2 AS lay = = constant = C = 0.06 and Vpsx(sus) = 1.3 BVposs 
and I"as = © (Vpsx(sus)-Vpp)/L 
for the application las = 39A 


For Tys = +150°C 
7 a5 tay = 0.025 


Thus at the maximum rated starting junction temperature, 
las = 29.2A. 


The safe avalanche current for any starting Ty can be 
established from the Harris rating curves. Stoltenburg 
showed that for MegaFET devices avalanche failure was a 
linear function of starting Ty for a fixed inductor. This is also 
true for a constant tay. Figure 4 shows the relationship for the 
RFP22N10 device. It is a simple matter then to establish the 
I? tay = constant for any starting Ty. Tys = +100°C is a 
common operating temperature for a practical application. 


50 


Ty [i 
Co 
Ne 
SSSam 


~ 
a? ae 
TEX 


Las AMP 


20 


10 


aN 
ES 
iz 
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FIGURE 4. RFP22N10 Las VS Tys 


Entering the Harris curves at any convenient tay, in this case. 
0.6ms, the las temperature sensitivity is found to be -3.55A/ 
+125°C or -28.4mA/°C. Therefore, lag = 10-(0.0284) (75) = 
7.87A at tay = 0.6ms and I?a5 tay = 0.0372. 


Using iS AS = 0.0372 (Vosx(sus)-V pp)/L for the hypothetical 
application las = 33.4A for a starting T) = +100°C. 


Rail Voltage (Vpp) Transients 


Development of a single pulse UIS rating curve for a specific 
load inductance and junction temperature has been 
illustrated. This information can be used to develop the 
amplitude and duration of rail voltage transients that are 
within the device rating. Figure 5 shows an idealized rail 
voltage pulse with the resultant avalanche current waveform. 
The equations that describe the current waveform are based 
on a V = Ldi/dt relationship are: 

Vspk - Vosx(sus) = Llas/tspx and 

Vpsx(sus) ~ Vop = Llas/tav 


Calculating the junction temperature rise caused by the volt- 
age transient will allow the use of UIS rating curve 
information to determine a corresponding Vspx, tsp rating 
curve for L = 100uH, Vpp = 30V and a Ty = +100°C. Under 
the condition of no die heat loss and cgnstant Vpsx(sus), the 
temperature at tspx is: 


Tspx = Tys + HVpsxisus) las tspx/2 
where H is a constant defined by 
the rating curves. 


The UIS rating curves contain two important items of 
information. First, each curve regardless of starting Ty, 
represents the locus of points of a single allowable peak 
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junction temperature to be reached during avalanche. Sec- 
ond, for any fixed tay the +25°C las and the +150°C Ing val- 
ues are two points on a linear las versus starting T, 
relationship whose intercept at las = 0 is that peak junction 
temperature. 


Continuing the analysis, Typ. may be determined from the 
rating curves at a constant tay by: 


Typk = (150 - 25 lasiso/lasos)/(1 - lasiso/lasas) 
for the RFP22N10, Typx = +378°C 


A value for H may be found from the time/temperature 
relationship during tay 


t ‘ 
= [HVosxisusl | I(t)dt + Tspx where 


it) = = lag(1 - ttay) and 
Ty = HVpsx(sus) las(t - 7/2tay) + Tspx 


Stoltenburg has reported that device failure generally 
occurred between tay/3 and tay/2. If the delay time to second 
breakdown is proportional to (T,/I(t))*, then a maximization 
leads to a tay/3 result. If the delay time is proportional to 
TYI(t) then tay/2 is the result. tay/3 is used here to obtain 


Typk = 5H Vopsx(sus) + Tspx 


lastav 
18 
Setting Tspx = = TJs = +25°C and using Typ = +378°C, Vosx(- 


sus) = 130V and entering the +25°C rating curve for las and 
tay H is found to be 1.63 x 10° °C/J. 


Vspk 


4 
4 
4 
4 
4 
4 
y 4 
4 
_ 4 
4 


/ %. 
ee a eR J fon 


FIGURE 5. IDEALIZED RAIL VOLTAGE TRANSIENT 


It is now possible to calculate the allowable las 
corresponding to a rail voltage spike using the relationship 


Tspx-Tys = Hypsx(sus) las tspK/2 
The rating curve limits Tsp, to +150°C. For Tyg = +100°C: 
1aS150 tspx = 472 X 106 


For each tgp in this equation there is a circuit defined tay = 
Ulas/(Vosxisus) - Vpp) that should not exceed the tay = Ci 50/ 
I7AS rating. This in turn defines a maximum spike induced las 
that should not be exceeded. This current is 


I?asm = C150 (Vosxisus) - Vop)/L. 


For this example lasy = 29.2A for tsp, Ss 18.2 microseconds. 
The bounds for the relationship Vspx = Llas/tspx + Vpsx 
(sus) have been defined and Vspx vs tsp can be plotted. 
The rating curve is illustrated in Figure 6. 


The Application Environment 


With a rating curve in hand, the intended application 
transient environment must be assessed to determine if 
added protection is required. The expected rail transient 
voltage amplitude, duration, and frequency of occurrence 
can vary greatly. Figure 7 illustrates measured results on AC 
power service. Several organizations such as ANSI/IEEE, 
IEC, UL, NEMA have and are developing guidelines and test 
standards to describe what a specific environment is likely to 
be on the basis of field experience. 


Reference 6 contains an overview of voltage transients and 
provides the means for selecting an appropriate Metal-Oxide 
Varistor should it be required for an application. 


as 
Vpp = 30V, L = 100 MICROHENRYS, Tyg = +100°C )3=— 


Vspx KILOVOLTS 


——+ J oH 4 HH 
aes ee 
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et 1 LTH | EP 


Tspx wicnOSECONDS 


FIGURE 6. RFP22N10 RAIL TRANSIENT RATING 
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SERVICE ENTRANCE OF BANK BUILDING IN BASEL, SWITZERLAND. 


LANDIS AND GYR. PLANT, ZUG, OUTLET IN LAB. 


FARMHOUSE SUPPLIED BY OVERHEAD TRANSMISSION LINES. 


TANKKT A SERVICE ENTRANCE, 16 FAMILY HOUSE, UNDERGROUND SYSTEM (HEAD STATION). 
BRIN \ Ae 16 FAMILY HOUSE, UPSTAIRS LIVING ROOM OUTLET. 
VN | U.S. COMPOSITE CURVE. 
ns \ \ ! LANDIS AND GYR., ZUG, OUTLET IN FURNACE ROOM. 
“01 0204061 2 46 10 
PEAK VALUE OF VOLTAGE TRANSIENT (kV) 


FREQUENCY OF VOLTAGE TRANSIENT/YEAR 


FIGURE 7. FREQUENCY OF OCCURRENCE OF TRANSIENT OVERVOLTAGES IN 220V AND 120V SYSTEMS 
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A COMBINED SINGLE PULSE AND REPETITIVE 
UIS RATING SYSTEM 


Author: Wallace D. Williams 


A rating system for Unclamped Inductive Switching in 
PowerMOS transistors already widely accepted and 
implemented on Harris PowerMOS transistor data sheets can 
be applied to a wide range of applications very easily and 
expanded to cover repetitive UIS pulses by the simple 
technique of superposition. This allows PowerMOS transistor 
users to determine if their application lies within the rated 
capability of a power transistor. Two examples are given of the 
analysis of UIS stress level in representative applications. 


The ability of PowerMOS transistors to withstand 
unclamped inductive switching (UIS) has been recognized 
since 1985. Although Blackburn has clearly shown! UIS 
stress level is not directly related to energy, many 
manufacturers of PowerMOS transistors persist in rating 
their devices in terms of energy capability. Since the energy 
capability varies with the operating conditions, this rating is 
valid only at the condition specified and the PowerMOS 
transistor user has no way to calculate whether the particular 
application exceeds the device rating. Ronan has defined a 
rating system®, herein after called simply the UIS Rating 
System, which allows manufacturers to specify the capability 
of their PowerMOS transistors for single pulse UIS in such a 
way that users can easily determine if their application 
exposes the device to more UIS stress than is guaranteed in 
the device data sheet. 


The Single Pulse UIS Rating System 


This UIS Rating System, requires the user to determine only 
the peak current through the PowerMOS transistor (las), the 
junction temperature at the start of the UIS pulse (T,) and 
the time the transistor remains in avalanche (tay). It allows 
the easy determination of the conformance of any applica- 
tion to a specified UIS capability where the worst case condi- 
tions can be simulated. It is also quite feasible to calculate 
the UIS stresses for circuits not yet constructed or conditions 
not easily simulated. 


The UIS rating for a PowerMOS transistor (see Figure 1) is 
presented as a chart with a vertical axis of (las) maximum 
avalanche current vs (tay) time in avalanche as the 
horizontal axis. Two lines are shown, one for +25°C and one 
for the maximum junction temperature. It is fairly easy in 
most applications to determine the avalanche current and 
time in avalanche in an existing application by using a 
current probe. If the time in avalanche and avalanche current 
plotted on the UIS rating curve fall above and to the right of 
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the +25°C line, the application is beyond the UIS rating of 
the device and the user stands a risk of device failure. If the 
time and current plotted on the rating curve fall below and to 
the left of the maximum junction temperature line the appli- 
cation is within the UIS rating of the device. In either case no 
further analysis is needed. If the time and current plotted on 
the rating chart falls between the +25°C and the maximum 
junction temperature lines further analysis is required. 


To analyze those cases where the starting temperature and 
time in avalanche fall between the +25°C and maximum 
temperature line, first we must determine the junction 
temperature of the PowerMOS transistor at the start of the 
UIS pulse. If the UIS stress occurs after a long period in 
conduction it may be sufficient to just measure the case 
temperature of the device and calculate the temperature rise 
between the case and junction from the dissipation and 
thermal resistance of the device. Any other approach may be 
used. Once the junction temperature at the start of the pulse 
has been determined we can extrapolate between the two 
published rating curves to determine the UIS capability at 
that starting junction temperature. 


Ronan’, Stoltenburg? and Blackburn’ have all indicated that 
the UIS capability I?45xtay is a simple linear function of tem- 
perature. Using this allows a straight line extrapolation of the 
UIS capability of the device at the calculated junction tem- 
perature. Then simply compare the calculated capability to 
the stress determined to determine if the device is within rat- 
ings. This simple approach allows users to find out if their 
application is safe for any single UIS pulse. 


las - AMPS 


ee 
0 


1.0 10.00 
TIME IN AVALANCHE (tay - MILLISECONDS 


FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING (SINGLE 
PULSE UIS) 
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Multiple or Repetitive UIS 


The handling of repetitive UIS pulses has been ignored by 
the PowerMOS transistor manufacturers except for an 
attempt by one manufacturer to rate repetitive UIS at 0.01% 
of the +25°C power rating with no further qualifications. The 
UIS rating system outlined in Ronan’s paper is quite appli- 
cable to repetitive pulses by using the technique of superpo- 
sition as is commonly done in evaluating repetitive SOA 
pulses. Each UIS pulse is considered a separate event and 
evaluated as if no other pulse existed. It is necessary only to 
determine lay (avalanche current), tay (time in avalanche) 
and T, (junction temperature at the start of the pulse), just as 
in the single pulse case. Usually the last pulse in a series 
occurs at the highest junction temperature and is therefore 
the most severe stress. If the PowerMOS transistor is within 
the specified UIS rating for that pulse, it is certainly within the 
UIS ratings for previous pulses which occurred at a lower 
junction temperature. 


Usually the junction temperature variation of a PowerMOS 
transistor over a full repetitive period is very small. The 
device has a thermal capacitance and does not change 
temperature instantaneously, so usually using the average 
junction temperature for the starting temperature to evaluate 
the avalanche stress does not result in appreciable error. In 
those cases where the period is long other means must be 
used to determine the junction temperature at the start of the 
UIS pulse. 


PULSE DURATION = 250s Vgg =10V ID=70A 


2.5 


2.0 


1.5 


NORMALIZED Rosion) 


0.5 


-50 0 50 100 150 200 


JUNCTION TEMPERATURE (T,) - °C 
FIGURE 2. NORMALIZED Rogion VS JUNCTION TEMPERATURE 


Examples 


The two examples shown below are intended only to 
illustrate the techniques used to calculate whether a 
PowerMOS transistor is within its UIS rating or not. Since 
UIS capability is an interactive function of other environmen- 
tal stresses, it is necessary to include some calculation of 
other operating conditions as part of this analysis. The 


operating conditions in both examples are calculated rather 
than measured since the determination of UIS capability 
using measured values for lay and tay seemed trivial and self 
explanatory. The first example is a “single” pulse stress with 
sufficient time between stresses so that there is no 
interaction between subsequent pulses, and the second has 
a period short enough so that the temperature variation over 
a period is small. 


Example 1 
a 
5 3L 
z 
ro} 
GATE 3 
VOLTAGE me 
Ri 


SOURCE 


— Vpp 


SCHEMATIC 


Solenoid Driver: Single Pulse 


Given: Vop = 28 volts 

Ry = 2.5Q 

Pulse width = Steady state “on” 
Transistor = RFP7ONO06 

Gate “on” drive = 10 volts 
Maximum T, = 150°C 


TaMBIENT = 90°C 
L (Maximum allowable inductance) 


8c, (Required case to ambient 
thermal resistance) 


Calculate: 


Rrotat = Ry + Ros(on) = 2.5 + (0.014 x 1.8) See Figure 2 
Rrotat = 2.525 
IAVALANCHE = 28/2.525 = 11.09 amps 

(Peak avalanche current) 


Using the rule of thumb that the avalanche voltage is equal 
to the rated breakdown rating multiplied by 1.3 we can write: 


VAVALANCHE = 60 x 1.3 = 78 volts 

tavALANCHE = (L/R) x In[(lay x R)/(Vay - Vpp) +1] 
tavaLANCHE = (L/2.525) x In[(11.09 x 2.525)/(78 - 28) +1] 
L = tavaLancHe/0.176 
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+10 


GATE 
VOLTAGE 


11.09 
DRAIN 
CURRENT 


las 


+78V 
DRAIN 
VOLTAGE 
Vos +28V 


WAVEFORM 
Entering the Unclamped Inductive Switching Chart (See Figure 
1) at 150°C and 11.09 amps we read an allowable tayai ANCHE 
of 1.5 milliseconds. This gives us a maximum allowable L of: 


L = (1.5E-3)/0.176 = 8.53mH 
maximum allowable inductance 


Now to calculate the required heat sink thermal resistance: 
Pd = (I? x Rogion)) = (11.092) x 0.025 = 3.07 watts 

8ca = [Tymax — Pp X 8Jc - TamBientl/Pp 

ca = [150 - (3.07 x 1.0) - 40]/3.07 


Oca = 18.5 °C/W required thermal resistance, case to 
ambient 


Example 2 


SOURCE 


SCHEMATIC 


Switching Regulator - 100kHz 

Given: 

Frequency = 100kHz 

Duty Cycle = 50% 

R, = 2.4Q 

Vpp = 48 volts 

TamBiENT = 40°C 

TJUNCTION = 150°C Maximum junction temperature 
L = 11H (Leakage Inductance) 

PowerMOS transistor = RFP7O0NO6 


+10 


GATE 
VOLTAGE 


19.79 AMP 


DRAIN 
CURRENT 


+78V 
DRAIN 
VOLTAGE 


+48V 


WAVEFORM 
Determine: 
Is the PowerMOS transistor within UIS rating? 
What 6ca is required? 
lAVALANCHE = Vpp/(Ri + Rosyon)) 
| AVALANCHE = 48/(2.4 +(0.014 x 1.8)) See Figure 2 
| AVALANCHE = 19.79 amps 
taVALANCHE = (L/R) x In[(lay x (Ru + Rosyony))/Vav - Vpop) +1] 
taVALANCHE = (1E-6/2.425) x In[19.79 x 2.425/(78 - 48) +1] 


tavALANCHE = 0.395psec 


Entering the Unclamped Inductive Switching Curve (See 
Figure 1) at 19.79 amps, we find the device has a 
tavVaLANCHE Capability at 150°C of 500pusec. Obviously this 
application does not challenge the UIS capability of the 
RFP7ONO6. 


Now to calculate the required heat sink thermal resistance: 


AVALANCHE = (LX Vay X lay/R) x (1 - (Vay - Vpp)/ (lay x R) x 
In{(1 + [lay X R)/(Vay - Vpp)] 
Eay = ((1@-6 x (60 x 1.3) x 19.79)/2.4) In(1 + 19.97 x 2.4) 
/78 - 48) 


Eay = 614.0 wJ per avalanche 


PaVALANCHE = EavaLANCHE X f 


ro 
PayvaLANCHE = 614.06-6 *100e3 S 
PavALANCHE = 61.40 watts a = 

=O 
Pconpuction = (lav? x Rosiony)/2 _ = 
Po = (19.79? x 0.025)/2 a 


Po = 4.90 watts 

Protat = Pay + Pc 

PToTAL = 61.40 + 4.90 

ProTaL = 66.30 watts 

8ca = [Tymax > (Protat X 9Jc) - TamBient]/Ptotat 
Oca = [150 - (66.30 x 1.0) - 40]/66.30 


Oca = 0.659°C/W Obviously the heat sink is more of a 
problem than the UIS capability. 
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Application to Other Circuits 


Usually the designer of a circuit has carefully determined the 
temperature of the devices in his circuit over the entire range 
of operating conditions. Using only the junction temperature 
of the device at the start of a UIS pulse, the duration of the 
pulse and the current level of the pulse the designer can 
determine whether or not his/her application exceeds the 
UIS rating on the device. These quantities are easily mea- 
sured or calculated. By superposition this rating can be 
applied to multiple or repetitive pulses as illustrated in the 
two examples shown. Any circuit can be analyzed for UIS 
stress using this approach. There is no need for a separate 
repetitive UIS rating. 
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Quality and Reliability Assurance 


The ability to build and maintain the high levels of qual- 
ity and reliability today, depends on inherent design and 
process capability, and not the degree of test and inspection. 
Both the design and production facilities for Power MOS- 
FETs are totally new, with state-of-the-art equipment and 
process techniques which deliver this needed capability. 


In-Process Quality Control 


All critical phases of the highly automated power MOSFET 
manufacturing cycle have been characterized with respect to 
their intrinsic variability. Statistical limits have been estab- 
lished to give warning of abnormal process trends and fluc- 
tuations, based on this intrinsic capability. These limits are 
constantly tightened as the process improves and are well 
within the engineering specifications. The emphasis at 
Harris is to employ statistical methods at the point of control, 
rather than an inspection point at the end of a process. 


Control of Outgoing Product 


The quality control lot acceptance sampling of finished prod- 
uct is performed after manufacturing has performed 100% 
inspection of all specified electrical characteristics. The cur- 
rent sampling level is 0.1% AQL for electrical parameters, 
and is constantly being improved. However, due to tight 
parameter distributions gained through process control and 
inherent design capability, the average outgoing quality level 
(AOQ) to the customer has been in the order of 100 PPM 
(0.01%). 


Reliability Assurance 


Harris Semiconductor has a world-wide reliability program 
that helps to shape the direction of new product develop- 
ment, assures that the reliability level is maintained through- 
Out the production cycle, and develops specific models to 
predict the reliability in the end-use application. In order to 
meet these objectives, a reliability facility is maintained at 
each manufacturing location for real-time feedback. A cen- 
tralized reliability engineering organization develops all new 
test methods and supports new product/process develop- 
ment. Each group is fully trained in the reliability and applied 
Statistics disciplines, as well as failure analysis, and are 
responsible for using these techniques to monitor and 
improve product capability. 


The Reliability Program 


The reliability-assurance program operates at all stages of 
production, using the following four-pronged approach: 


Product Design and Development 


During early development, initial product lots are character- 
ized through accelerated reliability tests which establish the 
product capability. Once the design had been fine-tuned, 


multiple production runs are initiated and samples are sub- 
jected to a full range of standardized accelerated tests. All 
lots must meet pre-established reliability standards before 
any new design or process can be released for production. 


Wafer HTRB 


Harris Semiconductor has developed a totally unique in-line 
reliability test performed at the wafer level. Samples from 
each wafer lot receive a 24-hour +150°C bias life test to 
measure passivation integrity and surface cleanliness. 


Real Time Indicators (RTI) 


RTI’s are short-duration accelerated-stress tests used to 
control the occurrence of specific failure mechanisms that 
can significantly affect product reliability. The stress levels 
are designed to induce failures, so that product-capability 
shifts can be detected and corrected. They are performed 
weekly at each manufacturing location. In this real-time 
method of determining reliability, a continuous flow of data is 
provided to indicate how well the manufacturing process is 
performing product. 


TABLE 1. TYPICAL MOSFET RTI TESTS 
TYPICAL 
TEST DURATION 
Power PD = 4.75W Plastic 10 - 15K 
Cycling Ty = +35°C - 175°C Cycles 
(approx.) 
Power PD = 4.75W TO-3 20 - 50K 
Cycling T) = +35°C - 175°C Cycles 
(approx.) 
D-S Bias Ta = +150°C All 168 Hours 
Life 80% of Drain 
G-S Bias G-S=16V All 168 Hours 
Life Ta = +150°C 


Source 
Requalification Program (RQP) 


Each product is requalified every six to twelve months to the 
same matrix of tests required for the initial production 
release. This operation measures the changes in the total 
capability of each MOSFET family to meet the original reli- 
ability design objectives. Table 2 is typical of the data gener- 
ated for ROP. 
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TABLE 2. ACCELERATED POWER MOSFET TEST RELIABILITY SUMMARY 


CUM. HOURS % NON- 
TEST AND CONDITIONS DURATION OR CYCLES FUNCTIONAL 
Bias Life 500 Hours 300,000 
Drain-Source = 80% of rated 
Ta = +150°C 
All Bias Life 500 Hours 270,000 
Gate-Source = 16V, Ty = +150°C 
All Operating Life 500 Hours 230,000 
Ta = +150°C, Free Air 
TO-31 Thermal Cycling 400 Cycles 133,600 0.30 
TO-39 -65°C to +150°C 
TO-220 Thermal Shock 400 Cycles 100,000 
-65°C to +150°C 
TO-31 Power Cycling 20,000 Cycles 5,480K 0.73 
TO-39 Delta T; = +78°C 
PD = 56W (TO-3) or 2W (TO-39) 
TO-220 Power Cycling 10,000 Cycles 1,850K 
Delta T, = +135°C, PD = 4.75W 


FAILURE RATE IN %/1000 HOURS AT 60% UCL 


a 


NOTE: Failure rate based on Nonfunctional performance in an operating mode, extrapolated from +150°C data using 
1.0eV activation energy. 
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No. TB304 February 1994 


ADVANCED POWER PACKAGE CONSTRUCTION METHOD 
RAISES TO-252 RELIABILITY TO NEW HEIGHTS 


This technical backgrounder is intended to show how Harris 
redesigned the TO-252 surface-mount power package into 
the most reliable package of its type in the industry. 


Surface-Mount Packaging Introduction 


The continuing development of surface-mount technology 
(SMT) as a replacement for conventional through-hole 
mounting of electronic components on single-sided printed 
circuit boards has led to a host of advantages for electronics 
equipment manufacturers. From an integrated circuit stand- 
point, SMT allows manufacturers to optimize packaging den- 
sity since ICs can be mounted on both sides of a board. 
SMT also offers thrifty and efficient use of material resources 
by permitting circuit boards to be smaller, closer component 
spacing, lower assembly costs and more compact and 
lighter system housings. Semiconductor companies have 
steadily promoted SMT growth by creating a variety of high- 
density, high lead-count ICs designed to be easily assem- 
bled onto the smaller footprints of SM circuit boards. 


Most circuit boards perform functions in addition to the signal 
processing and logic operations handled by ICs. To interface 
with and drive off-board components such as amplifiers, 
motors, printer hammers, relays and the like requires power 
devices mounted on SM boards in close proximity to their 
signal sources. But SMT power devices are not as simple to 
use as their IC partners. Because of the reduced size of SM 
boards, the confined space alloted for the package and the 
greater dissipation of a power device, attention to thermal 
management and heat sinking take on greater significance. 


To squeeze a power device into the confined area 
demanded by SM boards, semiconductor manufacturers 
have developed the plastic TO-252 package, popularly 
known as the D-pak (see Figure 1). With its gull-wing leads 
and metal back designed to pull heat from the device inside, 
the TO-252 offers to designers a high-power SM package. 
Unlike the variety of IC packages that designers can choose 
among, the TO-252 has become the workhorse package for 
SM power MOSFETs and rectifiers. Since it is widely used 
and applied in applications in which device failure is more 
probable because of internal heat generation, it is vital that 
TO-252-packaged power devices meet the highest stan- 
dards for reliable operation. 


Copyright © Harris Corporation 1993 


FIGURE 1. TO-252 


While today’s TO-252-packaged power devices are manu- 
factured to meet extremely high reliability standards, that has 
not always been the case. In the recent past, all the leading 
power semi- conductor suppliers of the TO-252 have been 
hampered by manufacturing problems that are rooted in the 
package’s size, materials and fabrication methods. And 
these problems can be inadvertently passed on to users who 
don’t detect them until after devices have been assembled 
into boards. 


Like its competitors, Harris Semiconductor has experienced 
problems with the package. When unexplained problems 
arose on customer production lines, the company launched 
an exhaustive year-long investigation into the TO-252 that 
encompassed every detail of its manufacturing process, 
materials, fabrication, process control and testing. The result 
of this comprehensive effort, undertaken with the assistance 
of a number of customers who produce computer, automo- 
tive and cellular telephone products, is a vastly improved 
method for building and testing TO-252-packaged power 
devices. Extensive monitoring and testing of tens of thou- 
sands of production line devices reveals that the redesigned 
TO-252 is a robust power package capable of surviving 
extremely demanding thermal environments during assem- 
bly onto boards and under operating conditions. 


Since no process is ever perfect, Harris Semiconductor 
offers this report to power designers and production person- 
nel to increase awareness of problems that may occur using 
plastic, surface-mount power devices. By understanding the 
structural foundation of the package and the improvements 
incorporated in the Harris manufacturing process, users can 
have increased confidence that the company’s TO-252 
power devices will provide unmatched service and reliability 
in any application and environment for which the devices are 
intended. 
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The TO-252 Problem 


When a TO-252-packaged power device fails after it has 
been assembled into a SM circuit board, the most likely con- 
clusion that a user might draw is that the semiconductor die 
has cracked from thermal stresses induced by their solder- 
ing process. However, research indicates that the die was 
likely damaged during the manufacturing process and that 
the thermal shock of soldering only exacerbates the prob- 
lem. There is no evidence to conclude that a user’s mounting 
or assembly methods are the root of the problem. Die crack- 
ing is a generic problem in the TO-252 and can affect any 
manufacturer. The smaller the semiconductor die (its physi- 
cal dimensions) the less likely it is to crack. 


The root cause of die cracking stems from the materials and 
physical configuration of the TO-252 and the size of the die 
put into the package. In the manufacturing process, the die is 
attached to the header by a thin layer of solder (see Figure 
2). The solder serves to reduce the thermal coefficient of 
expansion mismatch between the silicon die and the copper 
header. 


SOLDER 


SOLDER 


FIGURE 2. 


The next step is to put an epoxy encapsulation over the die 
and header to form the package’s molded outer shell (Figure 
2). The shrinking of the mold epoxy compound forces the 
header to deflect, but in the opposite direction from the die 
attach process (concave on the top, convex on the bottom). 
This type of stress puts tension on the bottom of the die 
which can lead to cracking because the die is not as resis- 
tant to stress in this direction. Deflection of the header is 
more pronounced under epoxy curing than during die attach 
resulting in greater forces on the die. 


Slight cracks in the die may result from the shrinking mold 
compound but they usually do not result in electrical failure 
of the device. It is the thermal shock of wave soldering dur- 
ing board assembly that forces the cracks to open wider and 
lead to eventual failure. 


The TO-252 Solution 


After identifying the primary cause of failed devices, engi- 
neers at Harris initiated an extensive program to redesign 
the TO-252 by changing materials and increasing the 
strength of mechanical components. This involved experi- 
mentation with different components supported by a sophis- 
ticated computer-aided design technique called Finite 
Element Analysis (FEA). 


Initial analysis showed that the standard 20-mil thick header 
could bow by 1- to 2-mils during epoxy curing. This bowing 
puts excessive tension on the backside of the die, making it 
more susceptible to cracking. After many experiments, it 
became clear that the amount of deflection with a 20-mil 
header could not be compensated for with solder thickness, 
assembly methods or low-stress epoxies. Through FEA, it 
was determined that increasing the header thickness to 35- 
mils would eliminate most of the deflection. To achieve a 35- 
mil thickness without retooling all the mount and mold equip- 
ment, it was decided to use a pedestal of 35-mils under the 
die. 


FEA is an extremely valuable tool that permits the modeling 
of a device’s critical package elements, materials, headers, 
overcoat material, oxides and others. It provides solutions for 
reducing stress at dissimilar material junctions, thus minimiz- 
ing device failure. The real benefit of FEA is its ability to sim- 
ulate complex packaging relationships in a fast and accurate 
way. The stress models produced by FEA can be generated 
faster and at lower cost than by actually constructing and 
modifying physical models. FEA models point the way to the 
most favorable solutions which can then be implemented 
with actual materials. 


FEA also came into play to help determine the best epoxy 
compound to use. The epoxy is probably the most critical 
element in the problem of cracked die because its curing 
generates the forces that cause the header to bow. And the 
bowing of the header produces the tension that cracks the 
die. To solve the problem, engineers selected an improved 
epoxy which balances stress vs. power cycling reliability. 
They then tested the new compound with the largest die that 
fit in the TO-252 to ensure that no cracking occurred. 


At this point, the critical elements for solving the problem had 
fallen into place: increase the header thickness to 35 mils, 
go to an improved epoxy to reduce tension on the die and 
improve the process control over the thickness of the solder 
between the die and header. One other change in the manu- 
facturing process was made to prevent any unnecessary 
shock to the die when the completed package is separated 
from the strip that holds a whole run of devices together. The 
conventional way to separate devices is called frame shear, 
a mechanical method that shears the strip away and can 
transfer forces from the package’s heatsink to the die, possi- 
bly leading to cracking. In place of frame shear, Harris 
employs a less stressful method of device separation. In this 
technique, a shallow groove (10 mils deep) is cut into the 
heatsink portion of the package to reduce the force on the 
header and die when separating the package from the strip. 
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After hundreds of thousands of devices were fabricated with 
the new process, Harris engineers pulled tens of thousands 
off the line and subjected them to a grueling reliability test. 
The test is called solder shock and requires that the devices 
be fully immersed in a liquid solder bath at a temperature of 
260°C for 10 seconds. Solder shock closely simulates the 
conditions that the package is subjected to when a user 
wave solders the part into a SM circuit board. The thermal 
shock of the solder bath is intended to increase the stress on 
the header and cause sufficient movement to make any 
existing crack wider detectable via electrical testing. 


Harris has run solder shock tests on over 24,000 TO-252- 
packaged devices during the past year and no device has 
ever failed. Over 15,000 devices were chemically decapsu- 
lated and correlated to solder shock results. No die cracks 
were ever found when examined under high-power magnifi- 
cation. In addition, the company has sold more than 4.7 mil- 
lion devices without having any reports or returns due to a 
cracked die. This record of reliability is unmatched by any 
other manufacturer of TO-252-packaged power semiconduc- 
tors and should give users confidence that the company 
offers the manufacturing and engineering capabilities to pro- 
duce the highest quality products for today’s complex elec- 
tronic systems. 
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Package Outlines 


Hermetic Steel Packages 


NOTES: 
. These dimensions are within allowable dimensions of Rev. C of 


1 


2. 
3. 
. Position of lead to be measured 0.250 inches (6.35mm) from bot- 


. Controlling dimension: Inch. 
. Revision 2 dated 6-93. 


SEATING TO-204AA 
PLANE JEDEC TO-204AA HERMETIC STEEL PACKAGE 
a ob 


Ay 
A 
L 


JEDEC TO-204AA outline dated 11-82. 
Lead dimension (without solder). 
Add typically 0.002 inches (0.05mm) for solder coating. 


tom of seating plane. 
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Package Outlines 


Hermetic Steel Packages (Continued) 


he TO-204AE 
JEDEC TO-204AE HERMETIC STEEL PACKAGE 
f [|] co 
©D 


Ay 
A 
L 


NOTES: 


1. These dimensions are within allowable dimensions of Rev. B of 
JEDEC TO-204AE outline dated 11-82. 


2. Lead dimension (without solder). 
3. Add typically 0.002 inches (0.05mm) for solder coating. 


4. Position of lead to be measured 0.250 inches (6.35mm) from bot- 
tom of seating plane. 


5. Controlling dimension: Inch. 
6. Revision 2 dated 6-93. 
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Metal Can Packages 


TO-205AB 
3 LEAD JEDEC TO-205AB HERMETIC METAL CAN PACKAGE 


NOTES: 
1. These dimensions are within allowable dimensions of Rev. E of 
JEDEC TO-205AB outline dated 11-82. 
2. Lead dimension (without solder). 
3. Solder coating may vary along lead length, add typically 0.002 
inches (0.05mm) for solder coating. 
4. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of seating plane. 
5. This zone controlled for automatic handling. The variation in 
actual diameter within this zone shall not exceed 0.010 inches 
(0.254mm). 
. Controlling dimension: Inch. 
. Revision 1 dated 6-93. 
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Package Outlines 


Metal Can Packages (Continued) 


2D TO-205AF 
" he Odi] y 3 LEAD JEDEC TO-205AF HERMETIC METAL CAN PACKAGE 
| P 
a yl — 


h SEATING 0.180 
i rae mooer oar 


rosea 
| 0.105 | 2.42 
| 0210 | 483 | 5 
| 0.105 | 2.42 | 
Ta aa 


0034 

Cr a 

[soo [ost 
mame 


cm 


NOTES: 


1. These dimensions are within allowable dimensions of Rev. E of 
JEDEC TO-205AF outline dated 11-82. 


2. Lead dimension (without solder). 

3. Solder coating may vary along lead length, add typically 0.002 
inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of seating plane. 


5. This zone controlled for automatic handling. The variation in 
actual diameter within this zone shall not exceed 0.010 inches 
(0.254mm). 


6. Controlling dimension: Inch. 
7. Revision 2 dated 6-93. 


13-6 


Package Outlines 


Plastic Packages 


4 PIN DIP 
4 PIN DUAL-IN-LINE PLASTIC PACKAGE 


0.198 
0.024 
0.045 
017 


4.93 
0.51 
0.89 


o 


1. Lead dimension (without solder). 

2. Add typically 0.0006 inches (0.015mm) for solder coating. 

3. Position of lead to be measured 0.100 inches (2.54mm) from bot- 
tom of dimension D. 

4. Controlling dimension: Inch. 

5. Revision 1 dated 1-93. 
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Plastic Packages (Continued) 


NOTES: 


1. These dimensions are within allowable dimensions of Rev. A of 
JEDEC MO-093AA outline dated 2-90. 


. Tab outline optional within boundaries of dimensions E and Q. 
. Lead dimension and finish uncontrolled in L;. 


. Lead dimension (without solder). 


aoa kh W NM 


corners. 


7. Position of lead to be measured 0.250 inches (6.35mm) from bot- 


tom of dimension D. 


8. Position of lead to be measured 0.100 inches (2.54mm) from bot- 


tom of dimension D. 
9. Controlling dimension: Inch. 
10. Revision 1 dated 1-93. 


. Add typically 0.002 inches (0.05mm) for solder coating. 
. Maximum radius of 0.050 inches (1.27mm) on all body edges and 


Package Outlines 


MO-093AA 
5 LEAD JEDEC MO-093AA PLASTIC PACKAGE 
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Package Outlines 


Plastic Packages (Continued) 


TERM. 4 


NOTES: 
1. These dimensions are within allowable dimensions of Rev. E of 
JEDEC TO-218AC outline dated 6-86. 
2. Tab outline optional within boundaries of dimensions E and Q. 
3. Lead dimension and finish uncontrolled in L,. 
4. Lead dimension (without solder). 
5. Add typically 0.002 inches (0.05mm) for solder coating. 
6. Maximum radius of 0.050 inches (1.27mm) on all body edges and 
corners. 
7. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 
8. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 
9. Controlling dimension: Inch. 
10. Revision 1 dated 1-93. 


TO-218AC 
3 LEAD JEDEC TO-218AC PLASTIC PACKAGE 


INCHES 
[win [_MAX_| Notes 
[a70 [495 


SYMBO 


0.195 4.70 4.95 


on a 
0.058 0.062 | 148 | 157 J - | 
0.070 | 0.080 
0.018 0.022 
0.800 | 0.820 | 2032 | 2082 | - | 
0.615 0.625 | 15.63 | 1587 | 2 | 
aie | _saeTve | 7 _ 
o4ssesc | itt2esc) | 7 | 
0330 | - | 838 | - | 
| 8 

14.61 | ae 

| 3 | 

=a 

| 2 


Ay 


Jj 0.115 


0.575 


0.600 | 14.61 


=. 
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0.159 


4,5 
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Fi 

3 
0.176 2 


13-9 


PACKAGING AND 
ORDERING INFO. 


Package Outlines 


Plastic Packages (Continued) 


A TO-220AB 
oP E a ay a 3 LEAD JEDEC TO-220AB PLASTIC PACKAGE 
= _ INCHES MILLIMETERS 
4 nia aN [Max [Notes 
0.170 
D TERM. 4 
E; 
; 

L 


ee os 
ty 


NOTES: 


1. These dimensions are within allowable dimensions of Rev. J of 13.97 


JEDEC TO-220AB outline dated 3-24-87. 
3.81 
. Lead dimension and finish uncontrolled in L,. os 


. Lead dimension (without solder). 


. Add typically 0.002 inches (0.05mm) for solder coating. ‘ 


. Position of lead to be measured 0.250 inches (6.35mm) from bot- 
tom of dimension D. 


6. Position of lead to be measured 0.100 inches (2.54mm) from bot- 
tom of dimension D. 


7. Controlling dimension: Inch. 
8. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 


P TS-001AA 
can Ay 5 LEAD JEDEC TS-001AA PLASTIC PACKAGE 
|) MIN 
sca 
[001 [0.36 
Tosi [1499 _| 
oat me 
cs ee 
a 
5.97 
NOTES: 
iF Lila ig ne mete ney dimensions of Rev. A of 0.149 
. Lead finish uncontrolled in zone M. 0.102 2.84 


2 

3. Lead dimension (without solder). 

4. Add typically 0.002 inches (0.05mm) for solder coating. 

5. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 

6. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 

7. Controlling dimension: Inch. 

8. Revision 3 dated 12-93. 


PACKAGING AND 
ORDERING INFO. 


13-11 


Package Outlines 


Plastic Packages (Continued) 


| 2 1 


BACK VIEW 


e 


NOTES: 


1. 


Lead dimension and finish uncontrolled in L,. 


2. Lead dimension (without solder). 
3. 
4. Position of lead to be measured 0.250 inches (6.35mm) from bottom 


Add typically 0.002 inches (0.05mm) for solder coating. 


of dimension D. 


. Position of lead to be measured 0.100 inches (2.54mm) from bottom 


of dimension D. 


. Controlling dimension: Inch. 
. Revision 1 dated 1-93. 
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Plastic Packages (Continued) 


TO-247 
5 LEAD JEDEC STYLE TO-247 PLASTIC PACKAGE 


: : bo 
: Hl c 
| mW 
. 5°43 2°14 
lJ; 


12 3/4/5 
e BACK VIEW 
e; 
0.640 
NOTES: 

1. Lead dimension and finish uncontrolled in L,. 
2. Lead dimension (without solder). 
3. Add typically 0.002 inches (0.05mm) for solder coating. .34 
4. Position of lead to be measured 0.250 inches (6.35mm) from bottom 

of dimension D. 


5. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 


6. Controlling dimension: Inch. 
7. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 


wea] EE. 
+ 


TERM. 4 


SEATING 
PLANE 


by 


NOTES: 


1. These dimensions are within allowable dimensions of Rev. C of 
JEDEC TO-251AA outline dated 9-88. 


. Solder finish uncontrolled. 
. Dimension (without solder). 
. Add typically 0.0006 inches (0.015mm) for solder coating. 


. Position of lead to be measured 0.250 inches (6.35mm) from bot- 
tom of dimension D. 


6. Position of lead to be measured 0.100 inches (2.54mm) from bot- 
tom of dimension D. 


7. Controlling dimension: Inch. 
8. Revision 1 dated 1-93. 


ah W PY 


TO-251AA 
3 LEAD JEDEC TO-251AA PLASTIC PACKAGE 


INCHES MILLIMETERS 
SYMBOL NOTES 


wn 
Tooe | oo | 04s | oss | a4 


: .19 

: ee 

Tons | 521 

Poors | 0.0% | 046 
2 


a 
Lt 
a 
es 
Law 
| D | 0270 | 0200 | 6.86 
| | 0250 | 0265 | 635 | 673 
pe 
= 


Poors | cov | 19 | 228 [2 
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Package Outlines 


Plastic Packages (Continued) 


: A TO-252AA 
bo > > Ay 2 LEAD JEDEC TO-252AA PLASTIC PACKAGE 
SEATING 


MILLIMETERS 


PLANE SYMBOL 
A, | core | coe | 046 | 055 
| pts 
— we os OO 
ozo | oats | 521 | 546 
Py Les" Xs a 
Toots | ooze | 04 | 055 
| Pet 


4 
z 
ae. 
2A 
re a 
a a may te | 002s [0.00 | oe | to | 
| [| oneeo [1 [e000 | - [ost | 
0.063 a a _ — (1.6) 
0.090 (2.3) 
0.090 (2.3) 
MINIMUM PAD SIZE RECOMMENDED FOR 
SURFACE-MOUNTED APPLICATIONS 
NOTES: 


1. These dimensions are within allowable dimensions of Rev. B of 
JEDEC TO-252AA outline dated 9-88. 


2. L4 and b, dimensions establish a minimum mounting surface for 
terminal 4. 


. Solder finish uncontrolled. 

. Dimension (without solder). 

. Add typically 0.0006 inches (0.015mm) for solider coating. 
. Lg is the terminal length for soldering. 


. Position of lead to be measured 0.090 inches (2.28mm) from bottom 
of dimension D. 


8. Controlling dimension: Inch. 
9. Revision 2 dated 6-93. 
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POWER MOSFET: 


HOW TO USE HARRIS AnswerFAX 


What is AnswerFAX? 
AnswerFAX is Harris’ automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products. 


What do I need to use AnswerFAX? 
Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week. 


How does it work? 


You call the AnswerFAX number, touch-tone your way through a series of recorded questions, 
enter the order numbers of the documents you want, and give AnswerFAX a fax number to send 
them to. You'll have the information you need in minutes. The chart on the next page shows you 
how. 


How do | find out the order number for the publications | want? 


The first time you call AnswerFAX, you should order one or more on-line catalogs of product line 
information. There are nine catalogs: 


e New Products e Digital Signal Processing (DSP) Products =» Rad Hard Products 
e Linear/Telecom Products ° Discrete & Intelligent Power Products e CMOS Logic Products 
e Data Acquisition Products ¢ Microprocessor Products e Application Notes 


Once they’re faxed to you, you can call back and order the publications themselves by number. 
eee 
How do | start? 
Dial 407-724-7800. That’s it. 


Please refer to next page for a map to AnswerFAX. 
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Your Map to Harris AnswerFAX= 
Mm HARRIS 


SEMICONDUCTOR 


A complete AnswerFAX catalog listing is available, 
please call 1-800-442-7747 and request document BR-057 (84 pages) 


ENTER 
YOUR 
FAX NUMBER 
AND CONFIRM 


RE-ENTER YOUR 
FAX NUMBER 


ENTER A CORRECT 


DOCUMENT 
NUMBER 


DONE | 
(UP TO THREE) ® 


DOCUMENT } 


ORDER | ORDER 


WELCOME TO 
AnswerFAx! 


GET HELP | 


| 


CATALOG | 


NEW PRODUCTS | 


LINEAR AND TELECOM 
PRODUCTS 


DATA ACQUISITION 
PRODUCTS 


DIGITAL SIGNAL 
PROCESSING 


DISCRETE AND 


(ORDER 


INTELLIGENT 
UP TO 
POWER PRODUCTS THREE 
MICROPROCESSOR CATALOGS) 


ENTERS *Q° PRODUCTS 


RADIATION HARDENED 


aa PRODUCTS 


ww 


CMOS LOGIC 
PRODUCTS 


oX 
< 


ENTERS “&” 


BLANK SPACE APPLICATION 


NOTES 


SOMETHING § 
ELSE 


BACK-UP ONE 


CHARACTER CHOOSE A CATALOG 


HELP 


Lo 


AnswerFAXS" is a Service Mark of Harris Corporation 1995 


FAX IDENTIFIER 


ENTER YOUR NAME 


[>] GET HELP 


ENTER 
SEE QUICK hata 
REFERENCE GUIDE 
PHONE 
FOR SPECIAL NUMBER 
CHARACTERS 
AT LEFT 
OF PAGE 
CONFIRM 
<4 TRY AGAIN 


CORRECT 


KeHARRIS Harris AnswerFAX Data Book Request Form - Document #199 
SEMICONDUCTOR Data Books Available Now 


PUB. | 
V NUMBER SY DATA BOOK/DESCRIPTION 
= 7004 Complete Set of Commercial Harris Data Books 
| 7005 Complete Set of Commercial and Military Harris Data Books 


DB223B POWER MOSFETs (1994:}1,328pp) This data book contains detailed technical information including standard power MOSFETs (the 
popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic-level power MOSFETs 
(L2FETs), ruggedized powdr MOSFETs, advanced discrete, high-reliability and radiation-hardened power MOSFETs. 

DB316 POWER MOSFET DATA BOOK SUPPLEMENT (1996: 380pp) This data book contains the data sheets of recently introduced products 
and also updates some of the data sheets in the Power MOSFET Data Book DB223B. These data sheets contain the detailed 
specification for these products. 

DB235B RADIATION HARDENED (1993: 2,232pp) The Harris radiation-hardened products include the CD4000, HCS/HCTS and ACS/ACTS 
logic families, SRAMs, PRQMs, op amps, analog multiplexers, the 80C85/80C86 microprocessor family, analog switches, gate arrays, 
standard cells and custom devices. 

DB260.2 CDP6805 CMOS MICROGONTROLLERS & PERIPHERALS (1995: 436pp) This data book represents the full line of Harris 
Semiconductor CDP6805 pfoducts for commercial applications and supersedes previously published CDP6805 data books under the 
Harris, GE, RCA or Intersil names. 

DB301.3 DATA ACQUISITION (1997] 1,318pp) Product specifications on A/D converters (display, integrating, successive approximation, flash); 
D/A converters, switches, multiplexers, and other products. 

DB302B DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters, signal 
synthesizers, multipliers, special function devices (such as address sequencers, binary correlators, histogrammer). 


DB303.1 MICROPROCESSOR PRODUCTS (1997: 1,260pp) In the ever-changing IC marketplace, Harris Semiconductor has made a strong 
business commitment to cqntinue servicing mature CMOS products and technologies. As always, we will supply mature, standard 


architecture microprocessolj families for markets including cellular communications, PABX, networking systems, EDP peripherals, 
medical and avionics instrumentation. 


DB304.1 INTELLIGENT POWER ICsj(1994: 946pp) This data book includes a complete set of data sheets for product specifications, application 
notes with design details for|specific applications of Harris products, and a description of the Harris quality and high reliability program. 

DB309.1 MCTAGBT/DIODES (1995:|706pp) This MCT/IGBT/Diodes data book represents the full line of these products made by Harris 
Semiconductor Discrete Power Products for commercial applications. 

DB319 HARRIS IGBT UFS SERIES SUPPLEMENT (1997: 164pp) The UFS series IGBT (Insulated Gate Bipolar Transistor) Data Book 
Supplement represents a new generation of IGBT products from Harris Semiconductor Discrete Power Products for commercial 
applications. This data book}supplement describes Harris Semiconductor's line of UFS (Ultra Fast Switching) IGBTs. 

DB314 SIGNAL PROCESSING NEW RELEASES (1995: 690pp) This data book represents the newest products made by Harris Semiconductor 
Data Acquisition Products, Ljnear Products, Telecom Products and Digital Signal Processing Products for commercial applications. 

DB315.1 CROSS-REFERENCE GUIQE (1997: 368pp) Listing of semiconductor products that are second-sourced by Harris Semiconductor. 

DB317 COMMUNICATIONS DATA BOOK (1997: 708pp) Technical information including data sheets and application notes for a variety of Harris 
Integrated Circuits targeted jor the communications industry. These products include the PRISM 2.4GHz DSSS Wireless Transceiver 
Chip Set, the new HC5517 Hinging SLIC as well as Standard Linear, Data Acquisition, DSP and Power products. 

DB321 APPLICATIONS FOR COMMUNICATION ICs (1997: 392pp) Application Notes and Tech Briefs for Harris communication products that 
range from wireless PRISM™|2.4GHz WLAN chip set to Telecom HC5517 ringing SLIC. Also Data Acquisition and Digital Signal Processing. 

DB318 LPT/FCT CMOS LOGIC EXPANSION (1997: 620pp) This data book fully describes Harris Semiconductor's LPT and FCT CMCS Logic 
ICs. It includes a complete set of data sheets for product specifications, application notes and techbriefs with design details for specific 
applications of Harris products, and a description of the Harris Quality and Reliability program. 


DB450.4 TRANSIENT VOLTAGE SUPPRESSION DEVICES (1995: 400pp) Product specifications of Harris varistors and surgectors. Also, 
general informational chapters such as: “Voltage Transients - An Overview,” “Transient Suppression - Devices and Principles,” 
“Suppression - Automotive Transients.” 


DB500.3 LINEAR ICs (1996/97: 1446pp) Harris offers an extensive line of Linear components including: High Speed and General Purpose Op 


Amps, Comparators, Sample/Hold Amps, Video Crosspoint Switches, Special Analog Circuits and Transistor Arrays. 


ANALOG MILITARY (1989: },264pp) This data book describes Harris' military line of Linear, Data Acquisition, and Telecommunications 
Military circuits. 

DB312 ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined with the 1989 

Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris Semiconductor Linear and Data 

Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and supersedes all previously published Linear and 

Data Acquisition Military data} books. For applications requiring Radiation Hardened products, please refer to the 1993 Harris Radiation 

Hardened Product Data Book (document #DB235B) 


PSG201.24 | PRODUCT SELECTION GUIDE (1997: 640pp) Key product information on a// Harris Semiconductor devices. Includes an alphanumeric 


part number index, new prodbcts, nomenclature guides, selection trees and complete selection guides. Military/Space cross reference 
guide. 


SG103 CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris Semiconductor 
High Speed 54/74 CMOS Lagic Integrated Circuits for commercial, industrial and military applications. It covers Harris’ High Speed 
CMOS Logic HC/HCT Series} AC/ACT Series, BiCMOS Interface Logic FCT Series and CMOS Logic CD4000B Series. 


BR-057.3 AnswerFAX CATALOG (Fall|1996: 112pp) A Complete AnswerFAX Catalog listing. 


NAME: COMPANY: 
PHONE: ADDRESS: MAIL STOP 
FAX: CITY, STATE: ZIP: 


LITERATURE REQUEST SHOULD BE DIRECTED TO: HARRIS FULFILLMENT FAX #: 610-265-2520 
14-3 


HARRIS 
ANSWERFAX 


FARRIS 


SEMICONDUCTOR 


AnswerFAX 
DOCUMENT 


NUMBER DESCRIPTION 


Complete Listing of Harris Sales Offic- 
es, Representatives and Authorized 
Distributors World Wide (7 pages) 


HARRIS SEMICONDUCTOR APPLICATION NOTES 


ANOO1 Glossary of Data Conversion Terms 
(6 pages) 

ANOO2 _ ~=sC~ Principles of Data Acquisition and 
Conversion (20 pages) 


ANOO04 ~The IH5009 Analog Switch Series 
(9 pages) 


Using the 8048/8049 Log/Antilog 
Amplifier (6 pages) 


BROO07 


9004 


9007 ANO07 


Fr 


ANOO9 __—~ Pick Sample-Holds by Accuracy and 
Speed and Keep Hold Capacitors in 


Mind (7 pages) 


ANO12 = Switching Signals with Semiconductors 
(4 pages) 

Everything You Always Wanted to 
Know About the ICL8038 (4 pages) 


ANO16 ~— Selecting A/D Converters (7 pages) 


ANO17 ‘The Integrating A/D Converter 
(5 pages) 

Do's and Don'ts of Applying A/D 
Converters (4 pages) 


A Cookbook Approach to High Speed 
Data Acquisition and Microprocessor 
Interfacing (23 pages) 


ANO13 


ANO18 


AN020 


ANO23 Low Cost Digital Panel Meter Designs 
(5 pages) 

Power Supply Design Using the 
ICL8211 and 8212 (8 pages) 


Build an Auto-Ranging DMM with the 
ICL7103A/8052A A/D Converter Pair 
(6 pages) 

ICL7104: A Binary Output A/D Convert- 
er for Microprocessors (16 pages) 


AN027 


AN028 


ANO30 


ANO32 Understanding the Auto-Zero and 
Common Mode Performance of the 


ICL7106/7107/7109 Family (8 pages) 


Using the ICL8013 Four Quadrant 
Analog Multiplier (6 pages) 


AN040 


ANO42 _ Interpretation of Data Converter 


Accuracy Specifications (11 pages) 


AN043 __—CVideo Analog-to-Digital Conversion 


(6 pages) 


ANO46 


Building a Battery Operated Auto Rang- 
ing DVM with the ICL7106 (5 pages) 


ANO47 Games People Play with Intersil’s A/D 


Converter’s (27 pages) 
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AnswerFAX 
DOCUMENT 
NUMBER 


PART 


9049 ANO49 


ANO51 


AN052 


ANO53 
ANO54 


ANO59 
AN108 
AN109 
AN111 
AN112 


AN113 
AN114 


AN115 


AN116 
AN120 


pt | AN121 
AN400 
= | AN509 
| AN514 
a AN515 
AN517 
= AN519 


NUMBER 


ANO48 Know Your Converter Codes (5 pages) 


DESCRIPTION 


Applying the 7109 A/D Converter 

(5 pages) | 
Principles and Applications of the | 
ICL7660 CMOS Voltage Converter | 
(9 pages) 

Tips for Using Single Chip 3.5 Digit A/D 
Converters (9 pages) 

The ICL7650 A New Era in Glitch-Free 
Chopper Stabilized Amplifiers 

(19 pages) 

Display Driver Family Combines Con- 


venience of Use with Microprocessor 
Interfaceability (18 pages) | 


Digital Panel Meter Experiments for the 
Hobbyist (7 pages) 

82C52 Programmable UART 

(12 pages) 

82C59A Priority Interrupt Controller 
(14 pages) | 
Harris 80C286 Performance 
Advantages Over the 80386 (12 pages) 


80C286/80386 Hardware Comparison 
(4 pages) 
Some Applications of Digital Signal F 
cessing Techniques to Digital Video 
(5 pages) | 
Real-Time Two-Dimensional Spatial 


Filtering with the Harris Digital Filter 
Family (43 pages) | 


Digital Filter (DF) Family Overview 
(6 pages) 


Extended DF Configurations (10 pages) 


Interfacing the 80C286-16 With the 
80287-10 (2 pages) | 


Harris 80C286 Performance Advantag- 
es Over the 80386SX (14 pages) 


Using the HS-3282 ARINC Bus 
Interface Circuit (6 pages) 


A Simple Comparator Using the 
HA-2620 (1 page) 

The HA-2400 PRAM Four Channel 
Operational Amplifier (7 pages) 


Operational Amplifier Stability: Input 
Capacitance Considerations (2 pages) 


Applications of Monolithic Sample " 
Hold Amplifier (5 pages) 


Operational Amplifier Noise Prediction 
(4 pages) 


AnswerFAX Technical Support 
Application Note Listing 


FiIARRI 


SEMICONDUCTOR 


AnswerFAX 
DOCUMENT 
NUMBER 


AnswerFAX 
DOCUMENT PART 
NUMBER NUMBER DESCRIPTION 


AN556 —_—s Thermal Safe-Operating-Areas for High 
Current Op Amps (5 pages) 


9557 AN557 Recommended Test Procedures for An- 
alog Switches (6 pages) 


AN558 ~—— Using the HV-1205 AC to DC Converter 
(2 pages) 


AN559 __—_—HI-222 Video/HF Switch Optimizes Key 
Parameters (7 pages) 


9571 AN571 ~—-Using Ring Sync with HC-5502A and 
HC-5504 SLICs (2 pages) 


9573 AN573 The HC-5560 Digital Line Transcoder 
(6 pages) 
9574 AN574 ~~ Understanding PCM Coding (3 pages) 


9576 AN576 HC-5512 PCM Filter Cleans Up CVSD 
Codec Signals (2 pages) 


DESCRIPTION 


CMOS Analog Miltiplexers and Switch- 
es; Appliceitions Considerations 
(9 pages) 


AN521 ~_— Getting the| Most Out of CMOS Devices 
for Analog Switching Jobs (7 pages) 

AN522 Digital to Analog Converter 
Terminology (3 pages) 

AN524 ___s Digital to Analog Converter High Speed 
ADC Appli¢ations (3 pages) 


AN525 ~~ HA-5190/5495 Fast Settling Operation- 
al Amplifier| (4 pages) 


AN526 Video Applications for the HA-5190/ 
5195 (5 pages) 


AN531 = Analog Swilch Applications in A/D Data 
Conversion| Systems (4 pages) 

AN532 Common Questions Concerning CMOS 
Analog Swijches (4 pages) 

AN534 = Additional Information on the HI-300 
Series Switth (5 pages) 


AN535 Design Considerations for A Data 
Acquisition Bystem (DAS) (7 pages) 


AN538 = Monolithic Sample/Hold Combines 
Speed and Precision (6 pages) 

AN539 = A Monolithi¢ 16-Bit D/A Converter 
(5 pages) 

AN540 ~—_—HA-5170 Prpcision Low Noise JFET 
Input Operation Amplifier (4 pages) 


AN541 ~—-Using HA-2$39 or HA-2540 Very High 
Slew Rate, Wideband Operational 
Amplifier (4 pages) 


AN543. New High Speed Switch Offers 
Sub-50ns Switching Times (7 pages) 
AN544 ~=Micropower Dp Amp Family (6 pages) 


AN546 A Method of|Calculating HA-2625 Gain 
Bandwidth Product vs. Temperature 
(4 pages) 


9548 AN548 A Designers|Guide for the HA-5033 
Video Buffer|(12 pages) 


AN549 The HC-550XK Telephone Subscriber 
Line Interface Circuits (SLIC) 
(19 pages) 


AN550 _—_—s Using the HA-2541(6 pages) 

AN551 Recommended Test Procedures for 
Operational Amplifiers (6 pages) 

AN552_ ~—s Ussing the HA-2542 (5 pages) 


AN553 HA-5147/37/27, Ultra Low Noise 
Amplifiers (8 pages) 


AN554 ~— Low Noise Family 
HA-5101/02/04/1 1/12/14 (7 pages) 


9607 AN607 _—sCDelta Modulation for Voice 
Transmission (5 pages) 


AN5290 Integrated Circuit Operational 
Amplifiers (20 pages) 


6048 AN6048 Some Applications of A Programmable 
| Power Switch/Amp (12 pages) 


ai 


96077 AN6077_ ~=An IC Operational-Transconductance- 
Amplifier (OTA) With Power Capability 
(12 pages) 

AN6157 = Applications of the CA3085 Series 


Monolithic IC Voltage Regulators 
(11 pages) 


AN6182 ‘Features and Applications of Integrated 
Circuit Zero-Voltage Switches 
(CA3058, CA3059 and CA3079) 
(31 pages) 

AN6386 Understanding and Using the CA3130, 


CA3130A and CA3130B30A/30B 
BiMOS Operation Amplifiers (5 pages) 


96459 AN6459 Why Use the CMOS Operational 
Amplifiers and How to Use it (4 pages) 


AN6565__—s— Design of Clock Generators For Use 
With COSMAC Microprocessor 


CDP1802 (3 pages) 


AN6669 ___—~FET-Bipolar Monolithic Op Amps Mate 
Directly to Sensitive Sources (3 pages) 


AN6915 = Application of CA1524 Series 
Pulse-Width Modulator ICs (18 pages) 


96970 AN6970 Understanding and Using the CDP 1855 

Multiply/Divide Unit (11 pages) 

97063 AN7063 Understanding the CDP1851 
Programmable 1/O (7 pages) 


97174 AN7174 The CA1524E Pulse-Width Modulator- 
Driver for an Electronic Scale (2 pages) 
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AnswerFAX 
DOCUMENT 
NUMBER 


PART 
NUMBER 


AN7244 


DESCRIPTION 


Understanding Power MOSFETs 

(4 pages) 

AN7254 Switching Waveforms of the L2FET: 
A5 Volt Gate-Drive Power MOSFET 
(8 pages) 

Power MOSFET Switching Waveforms: 
A New Insight (7 pages) 


Users Guide to the CDP1879 and 
CDP1879C1 CMOS Real-Time Clocks 
(18 pages) 


Applications of the CA3228E Speed 
Control System (16 pages) 


AN7332 ‘The Application of Conductivity-Modu- 
lated Field-Effect Transistors (5 pages) 
AN7374 The CDP1871A Keyboard Encoder 
(9 pages) 


AN8602__—«*The IGBTs - A New High Conductance 
MOS-Gated Device (3 pages) 


Improved IGBTs with Fast Switching 
Speed and High-Current Capability 
(4 pages) 


AN8610 = Spicing-Up Spice Il Software for Power 
MOSFET Modeling (8 pages) 


AN8614 The CA1523 Variable Interval Pulse 
Regulator (VIPUR) For Switch Mode 
Power Supplies (13 pages) 


AN8707 The CA3450: A Single-Chip Video Line 
Driver and High Speed Op Amp 
(14 pages) 


Application of the CD22402 Video Sync 
Generator (4 pages) 


97260 AN7260 


97275 AN7275 


97326 AN7326 
97332 
97374 
98602 


98603 AN8603 


98610 


98614 


98707 


98742 AN8742 


98743 AN8743  Micropower Crystal-Controlled Oscilla- 
tor Design Using CMOS Inverters 


(8 pages) 


Method of Measurement of Simulta- 
neous Switching Transient (3 pages) 


98754 AN8754 


98756 AN8756 AComparative Description of the VART 


(16 pages) 


98759 AN8759 Low Cost Data Acquisition System Fea- 


tures SPI A/D Converter (9 pages) 


User's Guide to the CDP68HC68T1 
Real-Time Clock (14 pages) 


BiMOS-E Process Enhances the 
CA5470 Quad Op Amp (8 pages) 


AN8818 Exceptional Radiation Levels from Sili- 
con-on-Sapphire Processed High- 
Speed CMOS Logic (5 pages) 


98761 AN8761 


98811 AN8811 


98818 


AN8820 Recommendations for Soldering Termi- 
nal Leads to MOV Varistor Discs 
(2 pages) 
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AnswerFAX 
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NUMBER 


PART | 
NUMBER DESCRIPTION 


AN8823 CMOS Phase-Locked-Loop Applica- 
tions Using the CD54/74HC/HCT4046A 
and CD54/74HC/HCT7046A (23 pages) 


SP600 and SP601 an HVIC MOSFET, 
IGBT Driver for Half-Bridge Topologies 
(6 pages) | 
AN8910_—— An Introduction to Behavioral Simula- 

tion Using Harris AC/ACT Logic Smart- 
Models™ From Logic Automation Inc. 
(9 pages) 
Measuring Ground and VCC Bounce in 
Advanced High Speed (AC/ACT/FCT) 
CMOS Logic ICs (4 pages) 


AN9002__—s Transient Voltage Suppression in 
Automotive Vehicles (8 pages) 


AN9003 __— Low-Voltage Metal-Oxide Varistor - 
Protection for Low Voltage (<5V) ICs 
(13 pages) | 


99010 AN9010 ~HIP2500 High Voltage (500Vpc) Half 
Bridge Driver IC (8 pages) 
ial AN9011 Synchronous Operation of Harris Rad 


Hard SOS 64K Asynchronous SRAMs 
(4 pages) 
99102 AN9102 


High Current Off Line Power Supply 
(4 pages) | 
99106 AN9106 
99108 AN9108 


AN8829 


AN9001 


Noise Aspects of Applying Advanced 
CMOS Semiconductors (9 pages) 


HVIC/IGBT Half-Bridge Converter 
Evaluation Circuit (1 page) 


Special ESD Considerations for the HS- 
65643RH and HS-65647RH Radiation 
Hardened SOS SRAMs (2 pages) _ 


Harris Multilayer Surface Mount Surge 
Suppressors (10 pages) 


AN9201__— Protection Circuits for Quad and Octal 
Low Side Power Drivers (8 pages) _ 

AN9202__—s Ussing the HFA1100, HFA1130 
Evaluation Fixture (4 pages) 

AN9203 __— Using the HI5800 Evaluation Board 
(13 pages) 


Tools for Controlling Voltage Surges 
and Noise (4 pages) 


Timing Relationships for HSP45240 


99204 AN9204 


(2 pages) 

99206 AN9206 = Correlating on Extended Data Lengths 
(2 pages) 

99207 AN9207 DSP Temperature Considerations 
(2 pages) 


High Frequency Power Converters — 
(10 pages) 


99208 AN9208 


HARRIS AnswerFAX Technical Support 
SEMICONDUCTOR Application Note Listing 


AnswerFAX AnswerFAX 
DOCUMENT PART DOCUMENT PART 
NUMBER NUMBER DESCRIPTION NUMBER NUMBER DESCRIPTION 


AN9209 ASpice-2 Subcircuit Representation for 
Power MOSFETs, Using Empirical 
Methods (4 pages) 


AN9316 Power Supply Considerations for the 
HI-222 High Frequency Video Switch 
(2 pages) 


AN9317 Micropower Clock Oscillator and Op 
Amps Provide System Control for Bat- 
tery Operated Circuits (2 pages) 


AN9210 ANewPSpice Subcircuit for the Power 
MOSFET Featuring Global Tempera- 


ture Options (12 pages) 


AN9211 ~=Soldering Recommendations for AN9321 = Single Pulse Unclamped Inductive 
Surface Mount Metal Oxide Varistors Switching: A Rating System (5 pages) 


a ii eae mee 99322 | AN9322 ACombined Single Pulse and 
PP pag Repetitive UIS Rating System (4 pages) 
AN9213 Advantages and Application of Display 3 ; : 
Integrating A/D Converters (6 pages) AN9323  HIP5061 High Efficiency, High Perfor 


mance, High Power Converter 
AN9214 _ _—_— Using Harris High Speed A/D 


(10 pages) 
Sanivenale 1 Panes) 99324 AN9324 —_HIP4080, 80V Frequency H-Bridge 
AN9215__— Using the HI-5700 Evaluaton Board Driver (12 pages) 


(7 pages) 99327 AN9327 _HC-5509A1 Ring Trip Component 
AN9216_ _— Using the HI5701 Evaluation Board Selection (9 pages) 


(8 pages) 99328 AN9328 Using the HI1166 Evaluation Board 


99217 AN9217 High Current Off Line Power Supply (9 pages) 
(11 pages) 


AN9329 __— Using the HI1176/HI1171 Evaluation 
AN9301 ~—_— High Current Logic Level MOSFET Board (5 pages) 
Driver (3 pages) 


AN9330 __—Using the HI1396 Evaluation Board 
AN9302 CA3277 Dual 5V Regulator Circuit 
Applications (9 pages) 


(9 pages) 


AN9331 Using the HI1175 Evaluation Board 
(10 pages) 


AN9332 Using the HI1276 Evaluation Board 
(10 pages) 


AN9333 Using the HI1386 Adapter Board 
(2 pages) 

AN9334 Improving Start-Up Time at 32kHz 
for the HA7210 Low Power Crystal 
Oscillator (2 pages) 

AN9335 HIP5500 High Voltage (500Vpc) Power 
Supply Driver IC (13 pages) 

AN9337 Reduce CMOS-Multiplexer Troubles 
Through Proper Device Selection 
(6 pages) 

AN9310 Surge Suppression Technologies MM0001 WHFA-0001 Spice Operational Amplifier 
Advantages and Disadvantages Macro-Model (4 pages) 


lee ite pate eee 660002 | MMO002 HFA-0002 Spice Operational Amplifier 
9g Macro-Model (4 pages) 

PGS _ Sie Bete Ot Us 1S Pages) 660005 | MMO0005 HFA-0005 Spice Operational Amplifier 
AN9312 Suppression of Transients in an Marco-Model (4 pages) 

eee See ee 662500 | MM2500 HA2500/02 Spice Operational Amplifier 


AN9313 = Circuit Considerations in Imaging Macro-Model (5 pages) 
Applications (8 pages) 


MM2510 HA-2510/12 Spice Operational 
AN9314 Harris UHF Pin Drivers (4 pages) 


Amplifier Macro-Model (4 pages) 
AN9315 RF Amplifier Design Using HFA3046/ MM2520 HA-2520/22 Spice Operational 
3096/3127/3128 Transistor Arrays 


Amplifier Macro-Model (4 pages) 
(4 pages) 


AN9303 Upgrading Your Application to the 
HI7166 or HI7167 (7 pages) 


99304 AN9304 ESDand Transient Protection Using the 
SP720 (10 pages) 


99306 AN9306_ =sThe New “C" Ill Series of Metal Oxide 
Varistors (5 pages) 


99307 AN9307 The Connector Pin Varistor for 
Transient Voltage Protection in 
Connectors (7 pages) 


99308 AN9308 Voltage Transients and their 
Suppression (5 pages) 


99309 AN9309 __—Using the HI5800/HI5801 Evaluation 
Board (8 pages) 


HARRIS 
ANSWERFAX 
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FARRIS 


SEMICONDUCTOR 


AnswerFAX 
DOCUMENT 
NUMBER 


662540 


PART 
NUMBER DESCRIPTION 


MM2539 HA-2539 Spice Operational Amplifier 
Macro-Model (4 pages) 


MM2540 HA-2540 Spice Operational Amplifier 
Macro-Model (4 pages) 


MM2541_ HA-2541 Spice Operational Amplifier 


Macro-Model (5 pages) 


MM2542_ HA-2542 Spice Operational Amplifier 
Macro-Model (5 pages) 


MM2544 HA-2544 Spice Operational Amplifier 
Macro-Model (5 pages) 


662548 MM2548 HA-2548 Spice Operational Amplifier 
Macro-Model (5 pages) 
662600 MM2600 HA-2600/02 Spice Operational 


Amplifier Macro-Model (5 pages) 
MM2620 HA-2620/22 Spice Operational 


662620 
Amplifier Macro-Model (5 pages) 

662839 MM2839 HA-2839 Spice Operational Amplifier 
Macro-Model (4 pages) 

662840 MM2840_ HA-2840 Spice Operational Amplifier 
Macro-Model (4 pages) 

662841 MM2841_ HA-2841 Spice Operational Amplifier 
Macro-Model (4 pages) 

662842 MM2842 HA-2842 Spice Operational Amplifier 
Macro-Model (4 pages) 

662850 MM2850_ HA-2850 Spice Operational Amplifier 
Macro-Model (4 pages) 

665002 MM5002 HA-5002 Spice Buffer Amplifier 


Macro-Model (4 pages) 


665004 MM5004 _ HA-5004 Spice Current Feedback 
Amplifier Macro-Model (4 pages) 
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AnswerFAX Technical Support 
Application Note Listing 


AnswerFAX 
DOCUMENT 


PART 
NUMBER DESCRIPTION 


MM5020_ HA-5020 Spice Current Feedback 
Operational Amplifier Macro-Model 
(4 pages) 

MM5033 HA-5033 Spice Buffer Amplifier | 
Macro-Model (4 pages) 


MM5101 


HA-5101 Spice Operational Amplifier 
Macro-Model (5 pages) 


MM5102 WHA-5102 Spice Operational Amplifier 
Macro-Model (5 pages) 


665104 MM5104 HA-5104 Spice Operational Amplifier. 
Macro-Model (5 pages) | 


MM5112 HA-5112 Spice Operational Amplifier 
Macro-Model (5 pages) 


MM5114 HA-5114 Spice Operational Amplifier 
Macro-Model (5 pages) | 

MM5127 HA-5127 Spice Operational Amplifier 
Macro-Model (4 pages) 


MM5137 HA-5137 Spice Operational Amplifier 
Macro-Model (4 pages) 


MM5147 HA-5147 Spice Operational Amplifier. 
Macro-Model (4 pages) | 


MM5190 HA-5190 Spice Operational Amplifier 
Macro-Model (4 pages) 


HA-5221/22 Spice Operational 


MM5221 
Amplifier Macro-Model (4 pages) 


797338 MM Harris Power MOSFET and MCT Spice 
PWRDEV Model Library (16 pages) 
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North American Sales Offices, Representatives and Authorized Distributors 


January 29, 1997 


2480 W. Ruthrauff, Suite #140 10495 Bandley Avenue Bell Microproducts 


ALABAMA 


Harris Semiconductor 
600 Boulevard South 
Suite 103 

Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 


Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 


Allied Electronics 
Huntsville 
TEL: (205) 721-3500 


Mobile 
TEL: (334) «.76-1875 


Arrow/Schweber 
Huntsville 
TEL: (205) 837-6955 


Hamilton Hallmark 
Huntsville 
TEL: (205) 837-8700 


Newark Electronics 
Birmingham 

TEL: (205) 979-7003 
Huntsville 

TEL: (205) 837-9091 


Mobile 
TEL: (205) 471-6500 


Wyle Electronics 
Huntsville 
TEL: (205) 830-1119 


Zeus, An Arrow Company 
Huntsville 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


ALASKA 


Newark Electronics 
Bellevue 
TEL: 800-321-8984 


ARIZONA 
Compass Mktg. & Sales, Inc. 


11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 

TEL: (602) 996-0635 

FAX: 602 996 0586 


Tucson, AZ 85705 
TEL: (520) 292-0222 
FAX: 520 292 1008 


Alliance Electronics, Inc. 
Scottsdale 
TEL: (602) 483-9400 


Allied Electronics 
Tempe 
TEL: (602) 831-2002 


Newark Electronics 
Tempe 
TEL: (602) 966-6340 


Arrow/Schweber 
Tempe 
TEL: (602) 431-0030 


Hamilton Hallmark 
Phoenix 
TEL: (602) 437-1200 


Wyle Electronics 
Phoenix 
TEL: (602) 804-7000 


Zeus, An Arrow Company 
Tempe 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


ARKANSAS 


Newark Electronics 
Little Rock 
TEL: (501) 225-8130 


CALIFORNIA 


* 


* Field Application Assistance Available 


Harris Semiconductor 
1503 So. Coast Drive 
Suite 320 

Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 


Harris Semiconductor 
3031 Tisch Way 

Suite 800 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 


Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 
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Cupertino, CA 95014-1972 
TEL: (408) 342-1220 
FAX: 408 342 1221 


Mesa Components, Inc. 
5520 Ruffin Road 

Suite 208 

San Diego, CA 92123 
TEL: (619) 278-8021 
FAX: (619) 576-0964 


Vision Technical Sales, Inc. 


26010 Mureau Road 
Suite 140 

Calabasas, CA 91302 
TEL: (818) 878-7955 
FAX: 818 878 7965 


16257 Laguna Canyon Road 


Suite 150 

Irvine, CA 92618 
TEL: (714) 450-9050 
FAX: (714) 450-9061 
Allied Electronics 
irvine 

TEL: (714) 727-3010 
Rancho Cucamonga 
TEL: (909) 980-6522 
Rocklin 

TEL: (916) 632-3104 
San Diego 

TEL: (619) 279-2550 


San Jose 

TEL: (408) 383-0366 
Torrance 

TEL: (310) 540-0039 
Woodland Hills 

TEL: (818) 598-0130 
Arrow/Schweber 
Calabasas 

TEL: (818) 880-9686 
Fremont 

TEL: (408) 432-7171 
Irvine 

TEL: (714) 587-0404 
San Diego 

TEL: (619) 565-4800 


San Jose 
TEL: (408) 441-9700 


Irvine 
TEL: 714-470-2900 


San Diego 
TEL: 619-597-3010 


San Jose 
TEL: 408-451-9400 


Westlake Village 
TEL: 805-496-2606 


Hamilton Hallmark 
Costa Mesa 
TEL: (714) 789-4100 


Los Angeles 
TEL: (818) 594-0404 


Sacramento 
TEL: (916) 632-4500 


San Diego 
TEL: (619) 571-7540 


San Jose 
TEL: (408) 435-3500 


Newark Electronics 
Garden Grove 
TEL: (714) 893-4909 


Riverside 
TEL: (909) 784-1101 


Santa Fe Springs 
TEL: (310) 929-9722 
Sacramento 

TEL: (916) 565-1760 
Chula Vista 

TEL: (619) 691-0141 
San Diego 

TEL: (619) 453-8211 
Palo Alto 

TEL: (415) 812-6300 
Santa Clara 

TEL: (408) 988-7300 
Thousand Oaks 
TEL: (805) 499-1480 


Wyle Electronics 
Los Angeles 
TEL: (818) 880-9000 


Irvine 

TEL: (714) 789-9953 
Sacramento 

TEL: (916)'638-5282 
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San Diego 
TEL: (619) 565-9171 


Santa Clara 
TEL: (408) 727-2500 


Zeus, An Arrow Company 
San Jose 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 
Irvine 

TEL: (714) 581-4622 

TEL: (800) 52-HI-REL 


CANADA 


Blakewood Electronic 
Systems, Inc. 

#201 - 7382 Winston Street 
Burnaby, BC Canada V5A 2G9 
TEL: (604) 444-3344 

FAX: 604 444 3303 


Cee-Jay Microsystems LTD. 
5925 Airport Road, Suite 614 

Mississauga, Ontario L4V 1W1 
TEL: 905-678-3188 

FAX: 905-678-3166 


308 Palladium Drive 

Suite 200 Kanata, Ontario 
Canada K2B 1A1 

TEL: (613) 599-5626 
FAX: 613 599 5707 


78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 

TEL: (514) 426-0453 
FAX: 514 426 0455 


Allied Electronics 
Burnaby, BC 
TEL: (604) 420-9691 


Nepean, Ontario 
TEL: (613) 228-1964 


Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 


Dorval, Quebec 
TEL: (514) 421-7411 


Nepan, Ontario 

TEL: (613) 226-6903 
Mississagua, Ontario 

TEL: (905) 670-7769 
Farnell Electronic Services 


Burnaby, British Columbia 
TEL: (604) 606-8950 


Calgary, Alberta 
TEL: (403) 273-2780 


Concord, Ontario 
TEL: (416) 798-4884 


Nepean, Ontario 
TEL: (613) 596-6980 


Pointe Claire, Quebec 
TEL: (514) 697-8149 


Winnipeg, Manitoba 
TEL: (204) 786-2589 


Hamilton Hallmark 
Mississagua, Ontario 
TEL: (905) 564-6060 


Montreal 

TEL: (514) 335-1000 
Ottawa 

TEL: (613) 226-1700 
Vancouver, B.C. 
TEL: (604) 420-4101 
Toronto 

TEL: (905) 564-6060 


Newark Electronics 

London, Ontario 

TEL: (519) 685-4280 

Mississauga, Ontario 

TEL: (905) 670-2888 

Mount Royal, Quebec 
TEL: (514) 738-4488 


COLORADO 


Compass Mktg. & Sales, Inc. 
14142 Denver West Pkwy #200 


Golden, CO 80401 
TEL: (303) 277-0456 
FAX: 303 277-0429 


Allied Electronics 
Englewood 
TEL: (303) 790-1664 


Arrow/Schweber 
Englewood 
TEL: (303) 799-0258 


Hamilton Hallmark 
Denver 
TEL: (303) 790-1662 


Colorado Springs 
TEL: (719) 637-0055 


Newark Electronics 
Denver 
TEL: (303) 373-4540 


Wyle Electronics 
Denver 
TEL: (303) 457-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 
Advanced Tech. Sales, Inc. 
Westview Office Park 
Bldg. 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
TEL: (508) 664-0888 
FAX: 203 284 8232 


Alliance Electronics, Inc. 
Milford 
TEL: (203) 874-2001 


Allied Electronics 
Cheshire 

TEL: (203) 272-7730 
Arrow/Schweber 


Wallingford 
TEL: (203) 265-7741 


* Field Application Assistance Available 


Hamilton Halimark 
Danbury 
TEL: (203) 271-5700 


Newark Electronics 
Bloomfield 
TEL: (203) 243-1731 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


FLORIDA 


Harris Semiconductor 
2401 Palm Bay Rd. 
Palm Bay, FL 32905 
TEL: (407) 729-4984 
FAX: 407 729 5321 


Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 

FAX: 407 723 3845 


4175 East Bay Drive, Suite 128 
Clearwater, FL 34624 

TEL: (813) 536-5771 

FAX: 813 536 6933 


600 S. Federal Hwy., Suite 218 
Deerfield Beach, FL 33441 
TEL: (954) 429-1077 

FAX: 954 429 0019 


Allied Electronics 
Ft. Lauderdale 
TEL: (954) 733-3144 


Jacksonville 
TEL: (904) 739-5920 


Maitland 
TEL: (407) 539-0055 


Miami Lakes 
TEL: (305) 558-2511 


St. Petersburg 
TEL: (813) 579-4660 


Arrow/Schweber 
Deerfield Beach 
TEL: (954) 429-8200 


Lake Mary 
TEL: (954) 333-9300 


Bell Microproducts 
Altamonte Springs 
TEL: 407-682-1199 
TEL: 800-542-3083 


Deerfield Beach 
TEL: 305-429-1001 


Hamilton Hallmark 
Clearwater 

TeL: (813) 507-5000 
Orlando 

TEL: (407) 657-3300 
Miami 

TEL: (954) 484-5482 
Newark Electronics 


Orlando 
TEL: (407) 896-8350 


Ft. Lauderdale 
TEL: (305) 486-1151 


North American Sales Offices, Representatives and Authorized Distributors (continued) 


Tampa 
TEL: (813) 287-1578 


Jacksonville 
TEL: (904) 399-5041 


Mobile 
TEL: (205) 471-6500 


Wyle Electronics 
Fort Lauderdale 
TEL: (954) 420-0500 


St. Petersburg 
TEL: (813) 576-3004 


Zeus, An Arrow Company 
Lake Mary 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


GEORGIA 


* 


Giesting & Associates 
2434 Hwy. 120, Suite 108 
Duluth, GA 30136 

TEL: (770) 476-0025 
FAX: 770 476 2405 


Allied Electronics 
Duluth 
TEL: (770) 497-9544 


Arrow/Schweber 
Duluth 
TEL: (770) 497-1300 


Hamilton Hallmark 
Atlanta 
TEL: (770) 623-4400 


Newark Electronics 
Norcross 
TEL: (770) 448-1300 


Wyle Electronics 
Atlanta 
TEL: (770) 441-9045 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


IDAHO 


Allied Electronics 
Boise 
TEL: (208) 331-1414 


Newark Electronics 
Boise 
TEL: (208) 342-4311 


ILLINOIS 


>» 


Harris Semiconductor 

1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 

TEL: (847) 240-3480 

FAX: 847 619 1511 


L-TECH Marketing, Inc. 
2414 Hwy. 94 South Outer Rd. 
Suite A 

St. Charles, MO 63303 

TEL: (314) 936-2007 

FAX: 314-936-1991 


Oasis Sales 

1101 Tonne Road 

Elk Grove Village, IL 60007 
TEL: (847) 640-1850 

FAX: 847 640 9432 


North American Sales Offices, Representatives and Authorized Distributors (continued) 


Allied Electronics 
Bensenville 
TEL: (630) 860-0007 


Grayslake 
TEL: (847) 548-9330 


Loves Park 
TEL: (815) 636-1010 


Oak Forest 
TEL: (708) 535-0038 


Arrow/Schweber 
Itasca 
TEL: (708) 250-0500 


Bell Microproducts 
Schaumburg 
TEL: 708-413-8530 


Hamilton Hallmark 
Chicago 

TEL: (847) 797-7300 
Newark Electronics 
Rockford 

TEL: (815) 229-0225 
Springfield 

TEL: (217) 787-9972 
Schaumburg 

TEL: (708) 310-8980 


Willowbrook 
TEL: (708) 789-4780 


Wyle Electronics 

Chicago 

TEL: (708) 620-0969 

Zeus, An Arrow Company 
Itasca 

TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


INDIANA 

Harris Semiconductor 
11590 N. Meridian St. 
Suite 100 

Carmel, IN 46032 

TEL: (317) 843-5180 
FAX: 317 843 5191 


Giesting & Associates 
370 Ridgepoint Dr. 
Carmel, IN 46032 

TEL: (317) 844-5222 
FAX: 317 844 5861 


Allied Electronics 
Carmel 
TEL: (317) 571-1880 


Arrow/Schweber 
Indianapolis 
TEL: (317) 299-2071 


EMC 
Indianapolis 
TEL: (317) 484-3050 


Hamilton Hallmark 
Carmel 
TEL: (317) 575-3500 


Newark Electronics 
Fort Wayne 
TEL: (219) 484-0766 


* 


Indianapolis 
TEL: (317) 844-0047 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


IOWA 
Oasis Sales 
4905 Lakeside Dr., NE 
Suite 203 
Cedar Rapids, IA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


Allied Electronics 
Cedar Rapids 
TEL: (319) 390-5730 


Newark Electronics 
Cedar Rapids 
TEL: (319) 393-3800 


West Des Moines 
TEL: (515) 222-0700 


Bettendorf 
TEL: (319) 359-3711 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KANSAS 
L-TECH Marketing, Inc. 
1 Kings Court, Suite 115 
New Century, KS 66031 
TEL: (913) 829-7884 
FAX: 913-829-7611 


Allied Electronics 
Overland Park 
TEL: (913) 338-4372 


Arrow/Schweber 
Lenexa 
TEL: (913) 541-9542 


Hamilton Halimark 
Kansas City 
TEL: (913) 663-7900 


Newark Electronics 
Overland Park 
TEL: (913) 677-0727 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KENTUCKY 
Giesting & Associates 
339 Arrowhead Springs Lane 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 


Newark Electronics 
Louisville 
TEL: (502) 423-0280 


LOUISIANA 
Allied Electronics 
St. Rose 
TEL: (504) 466-7575 


Newark Electronics 
Metairie 
TEL: (504) 838-9771 


* Field Application Assistance Available 


MARYLAND 
New Era Sales, Inc. 
890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 
TEL: (410) 761-4100 
FAX: 410 761-2981 


Allied Electronics 
Columbia 
TEL: (410) 312-0810 


Arrow/Schweber 
Columbia 
TEL: (301) 596-7800 


Bell Microproducts 
Columbia 
TEL: 410-720-5100 


Hamilton Hallmark 
Columbia 
TEL: (410) 720-3400 


Newark Electronics 
Hanover 
TEL: (410) 712-6922 


Wyle Electronics 


Columbia 
TEL: (410) 312-4844 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


MASSACHUSETTS 
Harris Semiconductor 


* Six New England Executive Pk. 


Burlington, MA 01803 
TEL: (617) 221-1850 
FAX: 617 221 1866 


Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
Park Place West 

N. Reading, MA 01864 
TEL: (508) 664-0888 

FAX: 508 664 5503 


Allied Electronics 
Norwood 
TEL: (617) 255-0361 


Peabody 
TEL: (508) 538-2401 


Arrow/Schweber 
Wilmington 

TEL: (508) 658-0900 
Bell Microproducts 
Billerica 

TEL: 508-667-2400 
TEL: 800-552-4305 


Gerber Electronics 
Norwood 
TEL: (617) 769-6000 


Hamilton Halimark 
Peabody 
TEL: (508) 532-9893 


Newark Electronics 
Marlborough 
TEL: (508) 229-2200 


Woburn 
TEL: (617) 935-8350 
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Wyle Electronics 
Bedford 
(617) 271-9953 


Zeus, An Arrow Company 
Wilmington, MA 

TEL: (508) 658-4776 

TEL: (800) HI-REL 


Obsolete/Discontinued 


Products: 


Rochester Electronics 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


MICHIGAN 


* 


Harris Semiconductor 
27777 Franklin Rd., Suite 460 
Southfield, MI 48034 

TEL: (810) 746-0800 

FAX: 810 746 0516 


Giesting & Associates 

34441 Eight Mile Rd., Suite 113 
Livonia, Mi 48152 

TEL: (810) 478-8106 

FAX: 810 477 6908 


Allied Electronics 
Grand Rapids 
TEL: (616) 365-9960 


Plymouth 
TEL: (313) 416-9300 


Arrow/Schweber 
Livonia 

TEL: (313) 462-2290 
Hamilton Hallmark 
Plymouth 

TEL: (313) 416-5800 


Newark Electronics 
Grand Rapids 

TEL: (616) 954-6700 
Saginaw 

TEL: (517) 799-0480 
Oak Park 

TEL: (810) 967-0600 


Troy 
TEL: (810) 583-2899 
Zeus, An Arrow Company 


TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


MINNESOTA 


Oasis Sales 

7805 Telegraph Road 
Suite 210 
Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 
Allied Electronics 
Minnetonka 

TEL: (612) 938-5633 
Bell Microproducts 
Eden Prairaie 

TEL: 612-943-1122 
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Hamilton Halimark 
Minneapolis 

TEL: (612) 881-2600 
Newark Electronics 
Minneapolis 

TEL: (612) 331-6350 
St. Paul 

TEL: (612) 631-2683 


Wyle Electronics 
Minneapolis 

TEL: (612) 853-2280 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


MISSISSIPPI 


Newark Electronics 
Ridgeland 
TEL: (601) 956-3834 


MISSOURI 
L-TECH Marketing, Inc. 


2414 Hwy. 94 South Outer Rd. 


Suite A 

St. Charles, MO 63303 
TEL: (314) 936-2007 
FAX: 314-936-1991 


Allied Electronics 
Earth City 
TEL: (314) 291-7031 


Arrow/Schweber 
St. Louis 
TEL: (314) 567-6888 


Hamilton Hallmark 
St. Louis 
TEL: (314) 291-5350 


Newark Electronics 
St. Louis 
TEL: (314) 453-9400 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


NEBRASKA 


L-TECH Marketing, Inc. 
1 Kings Court, Suite 115 
New Century, KS 66031 
TEL: (913) 829-7884 
FAX: 913-829-7611 


Allied Electronics 
Omaha 
TEL: (402) 697-0038 


Newark Electronics 
Omaha 
TEL: (402) 592-2423 


NEVADA 

Allied Electronics 
Las Vegas 

TEL: (702) 258-1087 


NEW HAMPHIRE 
Newark Electronics 
Nashua 

TEL: (603) 888-5790 


* Field Application Assistance Available 


NEW JERSEY 


* 


* 


Harris Semiconductor 
Plaza 1000 at Main Street 
Suite 104 

Voorhees, NJ 08043 

TEL: (609) 751-3425 
FAX: 609 751 5911 


Harris Semiconductor 
724 Route 202 

P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 


Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


Allied Electronics 
E. Brunswick 
TEL: (908) 613-0828 


Mt. Laurel 
TEL: (609) 234-7769 


Parsippany 
TEL: (201) 428-3350 


Arrow/Schweber 
Marlton 
TEL: (609) 596-8000 


Pinebrook 
TEL: (201) 227-7880 


Bell Microproducts 
Clifton 
TEL: 201-777-4100 


Hamilton Hallmark 
Cherry Hill 
TEL: (609) 424-0110 


Parsippany 
TEL: (201) 515-1641 


Pine Brook 
TEL: (201) 882-8358 


Newark Electronics 
East Brunswick 
TEL: (908) 937-6600 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NEW MEXICO 


Compass Mktg. & Sales, Inc. 
4100 Osuna Rad., NE, Suite 109 
Albuquerque, NM 87109 

TEL: (505) 344-9990 

FAX: 505 345 4848 


Allied Electronics 
Albuquerque 
TEL: (505) 266-7565 


Hamilton Hallmark 
Albuquerque 
TEL: (505) 293-5119 


Newark Electronics 
Albuquerque 
TEL: (505) 828-1878 
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Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


NEW YORK 


* 


* 


Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 

FAX: 914 298 0425 


Harris Semiconductor 

490 Wheeler Rad, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0291 Analog 
TEL: (516) 342-0292 Digital 
FAX: 516 342 0295 


Foster & Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 


2511 Browncroft Bivd. 
Rochester, NY 14625 
TEL: (716) 385-7744 

FAX: 716 586 1359 


7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


Parallax, Inc. 

734 Walt Whitman Rd. 
Melville, NY 11747 
TEL: (516) 351-1000 
FAX: 516-351-1606 


Alliance Electronics, Inc. 
Huntington 
TEL: (516) 673-1930 


Allied Electronics 
Amherst 
TEL: (716) 831-8101 


Great Neck 
TEL: (516) 487-5211 


Hauppauge 
TEL: (516) 234-0485 


Lagrangeville 
TEL: (914) 452-1470 


Rochester 
TEL: (716) 292-1670 


Syracuse 
TEL: (315) 446-7411 


Arrow/Schweber 
Farmingdale 
TEL: (516) 293-6363 


Hauppauge 
TEL: (516) 231-1000 


Melville 

TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1633 


Rochester 
TEL: (716) 427-0300 


North American Sales Offices, Representatives and Authorized Distributors (continued) 


Bell Microproducts 
Smithtown 
TEL: 516-543-2000 


Hamilton Hallmark 
Long Island 
TEL: (516) 737-0600 


Hauppauge 
TEL: (516) 434-7470 


Rochester 
TEL: (716) 272-2740 


Newark Electronics 
Wappingers Falls 
TEL: (914) 298-2810 


Latham 
TEL: (518) 783-0983 


Bohemia 
TEL: (516) 567-4200 


Williamsville 
TEL: (716) 631-2311 


Pittsford 
TEL: (716) 381-4244 


Liverpool 
TEL: (315) 457-4873 
Wyle Electronics 


Long Island 
TEL: (516) 293-8446 


Rochester 
TEL: (716) 334-5970 


Zeus, An Arrow Company 


Pt. Chester 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NORTH CAROLINA 


New Era Sales 


1215 Jones Franklin Road 


Suite 201 

Raleigh, NC 27606 
TEL: (919) 859-4400 
FAX: 919 859 6167 


Allied Electronics 
Charlotte 
TEL: (704) 525-0300 


Raleigh 
TEL: (919) 876-5845 


Arrow/Schweber 
Raleigh 
TEL: (919) 876-3132 


EMC 
Charlotte 
TEL: (704) 394-6195 


Hamilton Hallmark 
Raleigh 
TEL: (919) 872-0712 


Newark Electronics 
Charlotte 
TEL: (704) 535-5650 


Greensboro 
TEL: (910) 294-2142 


Raleigh 
TEL: (919) 781-7677 


Wyle Electronics 

Raleigh 

TEL: (919) 481-3737 

TEL: 800-950-9953 

Zeus, An Arrow Company 


TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


OHIO 


Giesting & Associates 
P.O. Box 39398 

2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 


6324 Tamworth Ct. 
Columbus, OH 43017 
TEL: (614) 792-5900 
FAX: 614 792 6601 


6200 SOM Center Rd. 
Suite D-20 

Solon, OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4554 


Alliance Electronics, 
Dayton 
TEL: (513) 433-7700 


Allied Electronics 
Beachwood 
TEL: (216) 831-4900 


Cincinnati 
TEL: (513) 771-6990 


Worthington 
TEL: (614) 785-1270 


Arrow/Schweber 
Solon 
TEL: (216) 248-3990 


Centerville 
TEL: (513) 435-5563 


EMC 
Columbus 
TEL: (614) 299-4161 


Cleveland 
TEL: (216) 442-3441 


Hamilton Hallmark 
Cleveland 
TEL: (216) 498-1100 


Columbus 
TEL: (614) 888-3313 


Dayton 
TEL: (513) 439-6735 


Newark Electronics 
Cincinnati 
TEL: (513) 772-8181 


Columbus 

TEL: (614) 326-0352 
Dayton 

TEL: (513) 294-8980 


Toledo 
TEL: (419) 866-0404 


Youngstown 
TEL: (216) 793-6134 


nc. 


* Field Application Assistance Available 


Cleveland 
TEL: (216) 391-9330 


Wyle Electronics 
Cleveland 
TEL: (216) 248-9996 


Dayton 

TEL: (513) 436-9935 

Zeus, An Arrow Company 
TEL: (708) 595-9730 

TEL: (800) 52-HI-REL 


OKLAHOMA 


Nova Marketing 

8421 East 61st Street, Suite P 
Tulsa, OK 74133-1928 
TEL: (800) 826-8557 

TEL: (918) 660-5105 

FAX: 918 357 1091 


Allied Electronics 
Tulsa 
TEL: (918) 250-4505 


Arrow/Schweber 
Tulsa 
TEL: (918) 252-7537 


Hamilton Halimark 
Tulsa 
TEL: (918) 459-6000 


Newark Electronics 
Oklahoma City 
TEL: (405) 843-3301 


Tulsa 
TEL: (918) 252-5070 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


OREGON 


PENNSYLVANIA 


Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 


Allied Electronics 
Chadds Ford 
TEL: (610) 388-8455 


Harrisburg 
TEL: (717) 540-7101 


Pittsburg 
TEL: (412) 931-2774 


Arrow/Schweber 

Pittsburgh 

TEL: (412) 327-1130 
800-529-0895 


Hamilton Hallmark 
Pittsburgh 
TEL: (800) 332-8638 


Newark Electronics 
Allentown 
TEL: (610) 434-7171 


Ft. Washington 
TEL: (215) 654-1434 


Pittsburgh 
TEL: (412) 788-4790 


Wyle Electronics 
Philadelphia 
TEL: (609) 439-9110 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


SOUTH CAROLINA 


Northwest Marketing Assoc. 
4905 SW Griffith Drive Suite 106 


Beaverton, OR 97005 
TEL: (503) 644-4840 
FAX: 503 644-9519 


Allied Electronics 
Beaverton 
TEL: (503) 626-9921 


Almac/Arrow 
Beaverton 
TEL: (503) 629-8090 


Hamilton Hallmark 
Portland 
TEL: (503) 526-6200 


Newark Electronics 
Portland 
TEL: (503) 297-1984 


Wyle Electronics 
Portland 
TEL: (503) 598-9953 


Zeus, An Arrow Companyy 


TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


Allied Electronics 
Greenville 
TEL: (864) 288-8835 


Newark Electronics 
Greenville 
TEL: (803) 288-9610 


TENNESSEE 


Newark Electronics 
Knoxville 

TEL: (615) 588-6493 
Memphis 

TEL: (901) 396-7970 
Brentwood 

TEL: (615) 371-1341 


TEXAS 


* 
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Harris Semiconductor 
17000 Dallas Parkway, 
Suite 205 

Dallas, TX 76248 

TEL: (972) 733-0800 
FAX: 972 733 0819 


Nova Marketing 

8310 Capitol of Texas Hwy. 
Suite 180 

Austin, TX 78731 

TEL: (512) 343-2321 

FAX: 512 343-2487 


North American Sales Offices, Representatives and Authorized Distributors (continued) 


8350 Meadow Rad., Suite 174 
Dallas, TX 75231 

TEL: (214) 265-4600 

FAX: 214 265 4668 


Corporate Atrium Il, Suite 140 
10701 Corporate Dr. 

Stafford, TX 77477 

TEL: (713) 240-6082 

FAX: 713 240 6094 


Allied Electronics 
Austin 
TEL: (512) 219-7171 


Brownsville 
TEL: (210) 548-1129 


Dallas 
TEL: (214) 341-8444 


El Paso 
(915) 779-6294 


Fort Worth 
(817) 595-3500 


Forth Worth 
(817) 595-6455 


Humble 
(713) 446-8005 


Arrow/Schweber 
Austin 
TEL: (512) 835-4180 


Dallas 
TEL: (214) 380-6464 


Houston 
TEL: (713) 647-6868 


Bell Microproducts 
Austin 
TEL: 512-258-0725 


Richardson 
TEL: 214-783-4191 


Hamilton Hallmark 
Austin 
TEL: (512) 258-8848 


Dallas 
TEL: (214) 553-4300 


Houston 
TEL: (713) 781-6100 


Newark Electronics 
Austin 
TEL: (512) 338-0287 


Corpus Christi 

TEL: (512) 657-5621 
El Paso 

TEL: (915) 772-6367 


Houston 
TEL: (713) 894-9334 


San Antonio 

TEL: (210) 734-7960 
Dallas 

TEL: (214) 458-2528 


Wyle Electronics 
Austin 
TEL: (512) 345-8853 
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North American Sales Offices, Representatives and Authorized Distributors (Continued) 


Dallas 
TEL: (214) 235-9953 


Houston 
TEL: (713) 879-9953 


Zeus, An Arrow Company 
Carrollton 

TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


UTAH 


Compass Mktg. & Sales, Inc. 


5 Triad Center, Suite 320 
Salt Lake City, UT 84180 
TEL: (801) 322-0391 
FAX: 801 322-0392 


Allied Electronics 
Salt Lake City 
TEL: (801) 261-5244 


Arrow/Schweber 
Salt Lake City 
TEL: (801) 973-6913 


Bell Microproducts 
Centerville 
TEL: 801-295-3900 


Hamilton Halimark 
Salt Lake City 
TEL: (801) 266-2022 


Newark Electronics 
Salt Lake City 
TEL: (801) 261-5660 


Wyle Electronics 
Draper (Telesales) 
TEL: (801) 523-2335 


Salt Lake City 
TEL: (801) 974-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


VIRGINIA 


Allied Electronics 
Springfield 

TEL: (703) 644-9515 
Virginia Beach 

TEL: (804) 363-8662 


Newark Electronics 
Richmond 


TEL: (804) 282-5671 


Herndon 
TEL: (703) 707-9010 


WASHINGTON 


Northwest Marketing Assoc. 
12835 Bel-Red Road 

Suite 330N 

Bellevue, WA 98005 

TEL: (206) 455-5846 

FAX: 206 451 1130 


Allied Electronics 
Renton 
TEL: (206) 251-0240 


Almac/Arrow 
Bellevue 
TEL: (206) 643-9992 


Hamilton Hallmark 
Seattle 
TEL: (206) 882-7000 


Newark Electronics 
Bellevue 
TEL: (206) 641-9800 
Spokane 
TEL: (509) 327-1935 


Wyle Electronics 
Seattle 
TEL: (206) 881-1150 


Zeus, An Arrow Company 


TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


WEST VIRGINIA 


Allied Electronics 
Charleston 
TEL: (304) 925-2487 


Newark Electronics 
Charleston 
TEL: (304) 345-3086 


WISCONSIN 


Oasis Sales 

1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


Allied Electronics 
New Berlin 
TEL: (414) 796-1280 


Arrow/Schweber 
Brookfield 
TEL: (414) 792-0150 


Hamilton Hallmark 
Milwaukee 
TEL: (414) 780-7200 


Newark Electronics 
Madison 
TEL: (608) 278-0177 


Milwaukee 
TEL: (414) 453-9100 


Wyle Electronics 
Milwaukee 
TEL: (414) 879-0434 


Zeus, An Arrow Company 


TEL: (708) 250-0500 


TEL: (800) 52-HI-REL 


Harris Semiconductor 


Chip Distributors 
Chip Supply, Inc. 
7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
TEL: (407) 298-7100 
FAX: (407) 290-0164 


Elmo Semiconductor Corp. 
7590 North Glenoaks Blvd. 
Burbank, CA 91504-1052 
TEL: (818) 768-7400 

FAX: (818) 767-7038 


Minco Technology Labs, Inc. 
1805 Rutherford Lane 

Austin, TX 78754 

TEL: (512) 834-2022 

FAX: (512) 837-6285 


Puerto Rican 

Authorized Distributor 
Hamilton Halimark 
Suite 318 
S1 Mariolga Luis Munoz-Marin 
Caguas, Puerto Rico 00725 
TEL: (800) 327-8950 


South American 
Authorized Distributor 
Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton, Florida 33431 
TEL: (407) 994-0933 
FAX: 407 994-5518 


BRASIL 
Graftec Brasil Ltda. 
Rua Baronesa de Itu, 
336 cj. 51/52 Sao Paulo - SP 
CEP: 01231-000 
TEL: 55-11-826-1666 
FAX: 55-11-826-6526 


North American Authorized Distributors and Corporate Offices 


Hamilton Hallmark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 


Alliance Electronics 

(SAB Status) 

7550 E. Redfield Rd. 

Scottsdale, AZ 85260 

TEL: (602) 483-9400 
(800) 608-9494 

FAX: (602) 443 3898 


Allied Electronics 
7410 Pebble Dr. 

Ft. Worth, TX 76118 
TEL: (800) 433-5700 


Arrow/Schweber 
Electronics 

25 Hub Dr. 

Melville, NY 11747 
TEL: (800) 777-2776 


* Field Application Assistance Available 


Bell Microproducts 
1941 Ringwood Avenue 
San Jose, CA 95131 
TEL: (408)451-9400 
FAX: (408)451-1600 


Electronics Marketing 
Corporation (EMC) 
1150 West Third Avenue 
Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 


Farnell Electronic Services 
300 North Rivermede Rd. 
Concord, Ontario 

Canada L4K 3N6 

TEL: (416) 798-4884 

FAX: 416 798 4889 
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Gerber Electronics 
128 Carnegie Row 
Norwood, MA 02062 


TEL: (617) 769-6000, x156 


FAX: 617 762 8931 
Hamilton Hallmark 


10950 W. Washington Blvd. 
Culver City, CA 90230 


TEL: (800) 332-8638 


Newark Electronics 
4801 N. Ravenswood 
Chicago, IL 60640 
TEL: (312) 784-5100 
(800) 367-3673 
FAX: 312 275-9596 


Wyle Electronics 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (800) 414-4144 
FAX: 801 226-0210 


Zeus Electronics, 

An Arrow Company 
2900 Westchester Avenue 
Purchase, NY 10577 
TEL: (800) 524-4735 


Obsolete/Discontinued 
Products: 
Rochester Electronics 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


European Sales Offices, Representatives and Authorized Distributors 


European Sales 
Headquarters 
Harris Semiconductor 
Mercure Center 
Rue de la Fusee 100 
B-1130 Brussels, Belgium 
TEL: 32 2 724 21 11 
FAX: 32 2 724 2205/...09 


AUSTRIA 
Avnet E2000 
Waidhausenstrasse 19 
A - 1140 Vienna 
TEL: 43 1 911 28 47 
FAX: 43 1911 38 53 


EBV Elektronik 
Diefenbachgasse 35 
A- 1150 Vienna 
TEL: 43 1 89 41 774 
FAX: 43 1 89 41 775 


Spoerle Electronic 
Heiligenstadter 52 

A- 1190 Vienna 

TEL: 43 1 318 7270-0 
FAX: 43 1 369 22 73 


BELGIUM 
EBV Spoerle Electronic 
* Keiberg Il 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 


EBV Elektronik 

* Excelsiorlaan 35B 
B - 1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 


DENMARK 
Arrow-Exatec A/S 
Mileparken 20E 
DK-2740 Skoviunde 
TEL: 45 4492 7000 
FAX: 45 4492 6020 


Avnet Nortec A/S 
Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 4488 0800 
FAX: 45 4488 0888 


EBV Elektronik 
Ved Lunden 9 

DK - 8230 Abyhoj 
TEL: 45 86 25 04 66 
FAX: 45 86 25 06 60 


EBV Elecktronik 
Gladsaxevej 370 

DK - 2860 Soborg 
TEL: 45 39 69 05 11 
FAX: 45 39 69 05 04 


Independent Electronic 
Components 
Poppelskellet 2 

DK-2000 Frederiksberg 
TEL: 45 3645 1206 

FAX: 45 3645 1205 


» 


* Field Application Assistance Available 


EASTERN COUNTRIES 
GRADER Friedhelm 
Richard-Reitzner-Allee 4 
G-85540 Haar 
TEL: 49 89 46263-0 


Spoerle Electronic 
Charkovska 24 
CZ-10100 Praha 10 
Czechoslovakia 
TEL: 42 2 73 13 54 
FAX: 42 2 73 13 55 


Spoerle Elektronik 
ul. Domaniewska 41 
PL-02672 Warszawa 
Poland 

TEL: 48 22 64 00 447 
FAX: 48 22 64 00 348 


FINLAND 
Arrow Field OY 
Niittylantie 5 
FIN-00620 Helsinki 
TEL: 358 9 777 571 
FAX: 358 9 798 853 


Avnet Nortec OY 
Italahdenkatu, 18 
FIN-00210 Helsinki 
TEL: 358 9 61 31 81 
FAX: 358 9 69 22 326 


EBV Electronics 

Pihatorma 1A 

SF - 02240 Espoo 

TEL: 358 9 855 77 30 
358 9 855 77 90 

FAX: 358 9 855 04 50 


Harcomp Electronics OY 
Syvalahdentie 79 

SF - 51200 Kangasniemi 
TEL: 358 59 432031 

FAX: 358 59 432367 


FRANCE 

Harris Semiconducteurs 
2-4, Avenue de Il'Europe 

F - 78941 Velizy Cedex 

TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 00(Sales) 
FAX: 33 1 39 46 40 54 


Arrow Electronique 

73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis Cedex 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 06 99 


Avnet EMG 
79, Rue Pierre Semard 
P.B. 90 


* 


* 


F-92322 Chatillon Sous Bagneux 


TEL: 33 1 49 65 27 00 
FAX: 33 1 49 65 25 39 


SEMI 


CCI Electronique 

* 12, Allee de la Vierge 
Silic 577 
F - 94653 Rungis 
TEL: 33 1 41 80 70 00 
FAX: 33 1 46 75 32 07 


EBV Elektronik 

3 rue del la Renaissance 
92184 Antony cedex 
TEL: (33) 1 40 96 30 00 
FAX: (33) 1 40 96 30 30 


SEI/3D 

Z.|. des Glaises 

6/8 Rue Ambroise Croizat 
F - 91127 Palaiseau 

TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 


GERMANY 

Harris Semiconductor 
Richard-Reitzner-Allee 4 
D-85540 Haar 

TEL: 49 89 462 63 0 
FAX: 49 89 462 63 133 


Harris Semiconductor 
Kieler Strasse 55-59 
D-25451 Quickborn 
TEL: 49 4106 50 02-04 
FAX: 49 4106 6 88 50 


Harris Semiconductor 
Kolumbusstrasse 35/1 
D - 71063 Sindelfingen 
TEL: 49 7031 8 69 40 
FAX: 49 7031 87 38 49 


Ecker Michelstadt 

In den Dorfwiesen 2A 
Postfach 33 44 

D - 64720 Michelstadt 
TEL: 49 6061 22 33 
FAX: 49 6061 50 39 


Erwin W. Hildebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 2300 30 
FAX: 49 2502 2300 18 


FINK Handelsvertretung 
Laurinweg, 1 

D - 85521 Ottobrunn 
TEL: 49 89 609 7004 
FAX: 49 89 609 8170 


Hans Flogel 
Kielerstrasse 31b 
D-25451 Quickborn 
TEL: 49 4106 50502 07 
FAX: 49 4106 68850 


Hartmut Welte 
* Traubenweg 7 
D - 88048 Friedrichshafen 
TEL: 49 7544 72555 
FAX: 49 7544 72559 


oa 


FARRIS 


CONDUCTOR 
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Avnet/E2000 
Stahlgruberring, 12 

D - 81829 Minchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 


EBV Elektronik 
Ammerthalstrasse 28 
D-85551 Kirchheim- 
Heimstetten 

TEL: 49 89 99 11 40 
FAX: 49 89 99 11 44 22 


indeg Industrie Elektronik 
Emil K6mmerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 

D - 66924 Pirmasens 

TEL: 49 6331 51700 

FAX: 49 6331 9 40 64 


Sasco Semiconductor GmbH 
Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn 

TEL: 49 89 46 11-0 

FAX: 49 89 46 11-270 


Spoerle Electronic 
Max-Planck Strasse 1-3 
D - 63303 Dreieich-bei- 
Frankfurt 

TEL: 49 6103 304-8 
FAX: 49 6103 304 201 


GREECE 


EBV Electronik 
Anaxagora Street 1 
GR-17778 Travros (Athens) 
TEL: 30 1 34 14 300 

FAX: 30 1 34 14 304 


Semicon 

104 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 


ISRAEL 


Aviv Electronics 

Hayetzira Street, 4 Ind. Zone 
IS - 43651 Ra’anana 

PO Box 2433 

IS - 43100 Ra’anana 

TEL: 972 9 748 3232 

FAX: 972 9 741 6510 


ITALY 


* 


Harris Semiconductor 

Viale Fulvio Testi, 126 
|-20092 Cinisello Balsamo, 
(Milan) 

TEL: 39 2 262 22 21 31 (italy) 
TEL: 39 2 262 07 61 (Rose) 
FAX: 39 2 262 22 158 (Rose) 


Claitron 

Via Enrico Fermi, 8 

I - 20090 Assago (MI) 
TEL: 39 2 457 841 
FAX: 39 2 488 02 75 
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European Sales Offices, Representatives and Authorized Distributors (continued) 


> 


Avnet EMG 

Centro Direzionale 
Via Novara, 570 

| - 20153 Milano 

TEL: 39 2 38 19 01 
FAX: 39 2 38 00 29 88 


EBV Elektronik 

Via C. Frova, 34 

I - 20092 Cinisello Balsamo 
TEL: 39 2 660 96 290 
FAX: 39 2 660 170 20 


FG Microdesign 

Via A. Simoni 5 

Il-4001 Anzola Dell’Emilia 
TEL: 39 51 73 20 95 
FAX: 39 51 73 24 91 


Lasi Elettronica 
Viale Fulvio Testi 280 
I - 20126 Milano 
TEL: 39 2 661 431 
FAX: 39 2 661 01385 


Silverstar 

Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 12 51 
FAX: 39 2 66 10 13 59 


NETHERLANDS 


* 


2 


* 


Acal 

Beatrix de Rijkweg, 8 

NL - 5657 EG Eindhoven 
TEL: 31 40 250 2602 
FAX: 31 40 251 0255 


Spoerle Electronic 
Coltbaan 17 

NL - 3439 NG Nieuwegein 
(Utrecht) 

TEL: 31 30 609 1234 
FAX: 31 30 603 5924 


Spoerle Electronic 
Postbus 7139 

De Run 1120 

NL - 5605 JC Eindhoven 
TEL: 31 40 254 5430 
FAX: 31 40 253 5540 


EBV Elektronik 
Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 346 58 30 10 

FAX: 31 346 58 30 25 


NORWAY 


Arrow-Tahonic 
Sagveien 17 

P.O. Box 4554, Torshov 
N-0404 Oslo 

TEL: 47 22 37 84 40 
FAX: 47 22 37 07 20 


Avnet Nortec A/S 
Box 123 

N - 1364 Hvalstad 
TEL: 47 66 84 62 10 
FAX: 47 66 84 65 45 


PORTUGAL 


Amitron-Arrow 

Quinta Grande, Lote 20 
Alfragide 

P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 


SOUTH AFRICA 


Allied Electronic 
Components 

10, Skietlood Street 
Isando, Ext. 3, 1600 

P.O. Box 69 

Isando, 1600 

Transvaal 

TEL: 27 11 392 3804/. . .19 
FAX: 27 11 974 9625 

FAX: 27 11 974 9683 


SPAIN 


y 


Eicos 

c/Avda Europa, 30 1 B-A 
SP 28224 Pozuelo de 
Alarcon/Madrid 

TEL: 34 1 352 3052 
FAX: 34 1 352 1147 


Amitron-Arrow 
Albasanz, 75 

SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 327 24 72 


EBV Elektronik 

Centro Empresarial Euronova 
Ronda de Poniente, 

4 Ala Derecha 

1A Planta, Officina A 

SP - 28760 Tres Cantos 
Madrid 

TEL: 34 1 8 04 32 56 

FAX: 34 18 04 41 03 


SWEDEN 


* Field Application Assistance Available 


Harris Semiconductor 
Centralvagen, 12 

S - 171 44 Solna 

TEL: 46 8 270 660 
FAX: 46 8 270 656 


Arrow TH:s 

Box 3027 
Arrendevagen 36 

S - 16303 Spanga 
TEL: 46 8 36 29 70 
FAX: 46 8 761 30 65 


Avnet Nortec AB 
Englundavagen 7 
P.O. Box 1830 

S - 171 27 Solna 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 


SWITZERLAND 


> 


Avnet E2000 
Boehirainstrasse 11 
CH - 8801 Thalwil 
TEL: 41 1 7221330 
FAX: 41 1 7221340 


Basix 
Hardturmstrasse 181 
CH - 8010 Zurich 
TEL: 4112761111 
FAX: 41 1 2761234 


EBV Elektronik 
Vorstadtstrasse 37 
CH - 8953 Dietikon 
TEL: 41 1 740 10 90 
FAX: 41 1 7415110 


Guidici Mauro O&T GmbH 
Florastr 34 

CH-8610 Uster 

TEL: 41 1 9943290 

FAX: 41 1 9943291 


Spoerle Electronic 
Cherstrasse 4 

CH-8152 Opfikon-Glattbrugg 
TEL: 41 1 874 6262 

FAX: 41 1 874 6200 


TURKEY 


EBV Electronik 


Bayar Cad. Gulbahar Sok No 17 


Perdemsac Plaza D:131-132 
TK-81090 Kazyatagl/Istanbul 
TEL: 90 216 463 1352/3 
FAX: 90 216 463 1355 


EMPA 

Besyol Londra Asfalti 

TK - 34630 Sefakoy/Istanbul 
TEL: 90 212 599 3050 

FAX: 90 212 599 3059 


UNITED KINGDOM 


* 


15-8 


Harris Semiconductor 
Riverside Way 
Watchmoor Park 
Camberley 

Surrey GU15 3YQ 
TEL: 44 1276 686 886 
FAX: 44 1276 682 323 


Laser Electronics 
Ballynamoney 
Greenore 

Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 


Complementary 
Technologies 

Redgate Road 

South Lancashire, Ind. Estate 
Ashton-In-Makerfield 

Wigan, Lancs WN4 8DT 
TEL: 44 1942 274 731 

FAX: 44 1942 274 732 


Stuart Electronics 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 1555 751572 
FAX: 44 1555 750028 


Arrow Jermyn 

St Martins Business Centre 
Cambridge Road 

Bedford MK42 OLF 

TEL: 44 1234 270027 

FAX: 44 1234 214674 


Avnet Access 

Jubilee House 

Jubilee Road 
Letchworth 
Hertfordshire SG6 1QH 
TEL: 44 1462 480888 
FAX: 44 1462 488567 


EBV Elektroik 

EBV House 

7 Frascati Way 
Maidenhead 
Berkshire SL6 4UY 
TEL: 44 1628 783 688 
FAX: 44 1628 783 811 


Farnell Components 
Sales, Mktg & Admin Center 
Canal Road, Armley 

Leeds LS12 2TU 

TEL: 44 1132 790101 

FAX: 44 1132 633404 


Farnell Electronic Services 
Edinburgh Way. 

Harlow 

Essex CM20 2DF 

TEL: 44 1279 626777 

FAX: 44 1279 441687 


IEC Micromark Electronics 
Boyn Valley Road 
Maidenhead 

Berkshire SL6 4DT 

TEL: 44 1628 76176 

FAX: 44 1628 783799 


Harris Semiconductor 
Chip Distributors 


Die Technology 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 

TEL: 44 61 626 3827 

FAX: 44 61 627 4321 
TWX: 668570 


Rood Technology 

Test House Mill Lane, Alton 
Hampshire GU34 20QG 
TEL: 44 420 88022 

FAX: 44 420 87259 

TWX: 21137 


Asian Pacific Sales Offices, Representatives and Authorized Distributors 


AUSTRALIA 
Avnet VSI Electronics Pty Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 


BBS Electronics Australia 
Unit 24, 5-7 Anella Avenue, 
Castle Hill, NSW, 2154 

PO Box 6686 

Baulkham Hills, NSW, 2153 
TEL: 612-8945244 
FAX:612-8945266 


CHINA/HONG KONG 

Harris Semiconductor 

China Ltd 

Room 3005 88 Tong Ren Road 
Shanghai, 20040 China 

TEL: 86-21-6247-7923 

FAX: 86-21-6247-7926 


Harris Semiconductor 
China Ltd. 

Unit 1801-2, 18th Floor 
83 Austin Road 
Tsimshatsui, Kowloon 
TEL: (852) 2723-6339 
FAX: (852) 2724-4369 


Edal Electronics Co., Ltd. 
Room 911-913, Chevalier 
Commercial Centre, 

8, Wang Hoi Road, 
Kowloon Bay, Kowloon 
TEL: (852) 2305-3863 
FAX: (852) 2759-8225 


Lucas Trading 

Unit A, 8F 

88 Hung To Road, Kwun Tong 
Kowloon, Hong Kong 

TEL: 852-3044023 

FAX: 852-3040065 


Means Come Ltd. 

Room 1007, Harbour Centre 
8 Hok Cheung Street 

Hung Hom, Kowloon 

TEL: (852) 2334-8188 

FAX: (852) 2334-8649 


Sunnice Electronics Co., Ltd. 
Flat F, 5/F, Everest Ind. Cir. 
396 Kwun Tong Road 
Kowloon 

TEL: (852) 2790-8073 

FAX: (852) 2763-5477 


Array Electronics Limited 
24/F Wyler Centre, Phase 2 
200 Tai Lin Pai Road 

Kwai Chung 

New Territories, Hong Kong 
TEL: (852) 2418-3700 

FAX: (852) 2481-5872 


* 


* 


* Field Application Assistance Available 


Inchcape Industrial 

10/F, Tower 2, Metroplaza 
223 Hing Fong Road, 

Kwai Fong 

New Territories, Hong Kong 
TEL: 852-2410-6555 

FAX: 852-2401-2497 


Kingly International Co., Ltd. 
Flat 03, 16/F, Block A, 

Hi-Tech Ind. Centre 

5-21 Pak Tin Par St., 

Tsuen Wan, New Territories, H.K. 
TEL: (852) 2499-3109 

FAX: (852) 2417-0961 


INDIA 
Intersil Private Limited 
Plot 54, SEEPZ 
Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682 
Graftec Elec 
49 J.C. Road 
Bangalore 560002 
TEL: (91) 80 223 3346 
FAX: (91) 80 222 6490 


Graftec India 

No 143 Lakshmi Building 
R.V. Road, V.V. Puram 
Bangalore 560004 
Karnataka 

TEL: (91) 80-661 1095 
FAX: (91) 80-222 6490 


BBS Electronics (India) Pvt Ltd 
309 Richmond Tower 

No 12, Richmond Road 
Bangalore 560025 

TEL: (91) 80-221-7912 

FAX: (91) 80-227 8043 


S M Creative Electronics Ltd 
10 Electronic City 
Sector 18, Gurgaon 122015 
Haryana 
TEL: 91 124 342 137/237/1551 
FAX: 91 124 236 or 

91 11 622 8474 


INDONESIA 
P.T. Silicontama Jaya 
Jalan A.M. Sangaji No 15 B4 
Jakarta Pusat 
TEL: (62) 21-345 4050 
FAX: (62) 21-345 4427 


SELC Sumber Elektronic 
JL Jend A Yani #298, 
Bandung 40271 

TEL: (62) 22-706-056 
FAX: (62) 22-703-622 


tt 


JAPAN 
Harris K.K. 

* Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 
Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 
FAX: (81) 3-3265-7575 


Hakuto Co., Ltd. 

1-1-13 Shinjuku Shinjuku-ku 
Tokyo 160 

TEL: 81-3-3355-7615 

FAX: 81-3-3355-7680 


Jepico Corp. 

Shinjuku Daiichi Seimei Bldg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 

TEL: 81 3-3348-0611 

FAX: 81 3-3348-0623 


Macnica Inc. 

Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 81 45-939-6116 
FAX: 81 45-939-6117 


Micron, Inc. 

DJK Kouenji Bldg. 5F 
4-26-16, Kouenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 81-3-3317-9911 
FAX: 81-3-3317-9917 


Okura Electronics Co., Ltd. 
Okura Shoji Bldg. 

2-3-6, Ginza Chuo-ku, 

Tokyo 104 

TEL: 81 3-3564-6822 

FAX: 81 3-3564-6870 


Takumi Shoji Co 

3 Maruzen Bid, 6F 
6-16-6 Nishi Shinjuku, 
Shinjuku-Ku, Tokyo 160 
TEL: 813-3343-9605 
FAX: 813-3343-9624 


AUTOMOTIVE REP/DISTRI 
Continental Far East Inc. 
3-1-5 Azabudai 
Minatoki, Tokyo 106 
TEL: 81-3-3584-0339 
FAX: 81-3-3588-0930 


Mitsuiwa Shoji Co., Ltd. 
Namikibashi Bldg. 
3-15-8 Shibuya 
Shibuya-Ku, Toyko 150 
TEL: 81 3-3407-2181 
FAX: 81 3-3407-1472 


FARRIS 
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Nissei Electronics Ltd. 
Hitachi Atago Bldg. 
2-15-12 Nishi-Shimbashi 
Minato-Ku, Tokyo 105 
TEL: 81 3-3504-7921 
FAX: 81 3-3504-7900 


KOREA 


* 


Harris Semiconductor YH 
RM #419-1 

Korea Air Terminal Bldg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 

TEL: 82-2-551-0931 

FAX: 82-2-551-0930 


H.B. Corporation 

Rm #1409, 

Seocho World Officetel, 
1355-3, Seocho-Dong, 
Seocho-Ku, Seoul 137-020 
TEL: 82-2-3472-3450 

FAX: 82-2-3472-3458 


Graftec Korea 

Room #611, Yongsan 
Electronic Offetel, 16-548 
3-Ga Hankang-Ro, 
Youngsan-Gu, Seoul 
TEL: 822-715-8857 

FAX: 822-715-8859 


Inhwa Company, Ltd. 

Room #305, Daegyo Bidg., 56-4, 
Wonhyoro 3GA, 

Young San-Ku, Seoul 140-113 
TEL: 822-703-7231 

FAX: 822-703-8711 


Kumoh Electric Co., Ltd. 
203-1, Yoido-Dong, 
Young Duing Po-Ku, Seoul 
TEL: 822-782-9393 
FAX: 822-782-9388 


Segyung Techcell Co., Ltd. 
Dansan Nonhyun Bldg., 270-45 
Nonhyun-Dong, 

Kangnam-Ku, Seoul 135-010 
TEL: 822-515-7477 

FAX: 822-515-8889 


MALAYSIA 


BBS Electronics (M) Sdn Bhd 
Lot 2-01, Wisma Denko 

41, Lorong Adu Siti 

10400 Penang 

TEL: (604) 228 0433 

FAX: (604) 228 1710 


NEW ZEALAND 


Arrow Components (NZ) 
Limited 

19 Pretoria Street 

PO Box 31186 

Lower Hut 

TEL: (64) 4 570 2260 
FAX: (64) 4 566 2111 
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Asian Pacific Sales Offices, Representatives and Authorized Distributors (continued) 


PHILIPPINES BBS Electronics Pte, Ltd. Applied Component Tech. TECO Enterprise Co., Ltd. 
Uraco Technologies 1 Genting Link Corp. 10FL., No. 292, Min-Sheng W. 
Philippines Inc. #05-03 Perfect Indust. Bidg. 8F No. 233-1, Pao-Chia Road Rd. | 
Unit 124/310 Project J.P. Rizal Singapore 1334 Hsin Tien City, Taipei Hsien, Taipei, Taiwan 
St. Project 4 TEL: (65) 748-8400 Taiwan, R.O.C. TEL: (886) 2-555-9676 
Quezon City, 1109 FAX: (65) 748-8466 TEL: (886) 2 9170858 FAX: (886) 2-558-6006 
TEL: (632) 922 2250 TAIWAN. _ FAX: (886) 2 9171895 THAILAND 
FAX: (632) 922 8709 Harris Semiconductor Galaxy Far East Corporation Electronics Source Co., Ltd. | 
SINGAPORE * Room 823, N. 144, Sec. 3 8F-6, No. 390, Sec. 1 138 Banmoh Rd. | 
Harris Semiconductor Pte Ltd. Ming Chuan East Road Fu Hsing South Road Pranakorn, Bangkok 10200 
* #1, Tannery Road 09-01 Taipei 10464, Taiwan, R.O.C. Taipei, Taiwan TEL: 66-2-2264145 
Cencon 1, Singapore 347719 TEL: (886) 2-716-9310 TEL: (886) 2-705-7266 FAX: 66-2-2254985 
TEL: 65-748-4200 FAX: (886) 2-715-3029 FAX: (886) 2-708-7901 


FAX: 65-748-0400 


Have you tried Harris’ AnswerFAX 24-Hour On-Demand Product Information Service? | 
(407) 724-7800 | 


GIVE US A CALL ... Harris’ toll-free number is 1-800-4-HARRIS (1-800-442-7747). You can request literature, 
get information on sales locations, or be connected to our Central Applications Group. 


SEE US ON THE NET ... Harris’ home page is http:/www.semi.harris.com or E-mail our Central Applications 
Group at centapp@harris.com for Technical Assistance. You'll find product information, design software, 
information on what’s new and much, much more. There are over 1,000 documents (datasheets, application 
notes, etc.) loaded with an easy-to-use search engine. 


Ga SEMICONDUCTOR 


For complete, current and detailed technical specifications on any Harris devices, please contact the nearest 
Harris sales, representative or distributor office. Literature requests may also be directed to: 


Harris Semiconductor Data Services Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
TEL: 1-800-442-7747 FAX: 407-724-7240 


* Field Application Assistance Available 
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We're Backing You Up with Products, Support, and Solutions! 


Signal Processing 
Linear/RF 

Data Converters 

DSP Functions 
Operational Amplifiers 
Multiplexers/Switches 
Sample and Hold 
PRISM™ Radio Chip Set 


Digital CMOS 

Microprocessors and 
Peripherals 

Microcontrollers 

Logic 

Memories 


Communications 

Telecom Line Card ICs 

PRISM™ Wireless Radio 
Chip Set 

Software Radio ICs 

Communication ICs 


Multimedia 
Video Decoders 
Video Encoders 
Audio Codecs 
Audio Processors 
Video Processors 


Power Products 
Power MOSFETs 
IGBTs 

MCTs fi 
Protection Products 

¢ MOVs 

e MLVs 

e Surgectors 

e Diode Arrays 
Rectifiers 

Intelligent Discretes 
MOSFET Drivers 
Power Drivers 

DC to DC Converters 
AC to DC Converters 
Multiplex Communication 
Class D Audio. 

Motor Control 

Power Managment ICs 


PRISM™ is a trademark of Harris Corporation 


Hi-Rel and Space Rad Hard 

Products 

Logic 

« CD4000 

¢ HCS/HCTS 

¢ ACS/ACTS 

Signal Processing 

Multiplexers 

Sample and Hold 

Communications 

Switches 

Data Converters 

Amplifiers 

Memories 

¢ SRAMs 

e PROMs 

Microprocessors and : 
Peripherals : ; 

Microcontrollers | 

Discrete Power 

e Bipolar 

e MOSFETs 


ee Ra a PS 


NM HARRIS 


SEM 1 CO ee oT ae 


———— Se CE a, ease Sen aE (SRS > a 


Copyright © Harris Corporation 
1994 (All Rights Reserved) 
Printed in USA, 3/1994 ae 


